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PRODUCTION  OF  LIITIBER,  LAlTI,  /*«-«*f*wrnES  " 

IN  CALIFORIIIA,  1932 

TT-iis  ..-  a  preliminary  statement  prepared  by  the  Forest  Service  based  on  re- 
turns from  the  luir.ber  census  conducted  for  the  Bureau  of  the  Census  by  the 
Forest  Service.  Fif'ures  are  subject  to  correction  in  final  published  report 
by  the  Bureau  of  the  Census.  Nevada  is  included  to  avoid  disclosing 
individual  production, 

LUT-ffiET^  CET  -  IvI  Ft.  B.M. 
(l.iills  cuttin^:^  50M  or  over) 


:    PINE  REGIOIv    (1) 

REDWOOD  I 

vEGIO'T 

T0T/:L 

SPECIES 

Volume 

Vol'orie 

> 

VolUTiie 

^             ; 

Ponderosa  pine 

:      365, 381 

76,0 

25 

.0 

386406 

55.7 

Eup.ar  Pine 

46, 362 • 

3.1 

- 

- 

.      46,362 

o  .  7 

V.'hite   fir 

: (2)26,07  2 

■      5.1 

.       2.1 

29 , 605 

4,3 

r>0Uf?las   fir 

39,296 

7.7 

30,351 

17.7 

•      69,647 

11.2 

Cedar 

:( 3)10,956 

2.1 

1,000 

.6 

11,956 

"I       7 

Redwood 

:(4)           82. 

,0 

135,448 

.    79.2 

135,530 

19.6 

Spruce 

: 

- 

766 

2.4 

:              766 

o  8 

Hemlock 

: 

- 

— 

• 

— 

..._ 

TOT/.LS 

:  Co)  509, 149 

100.0 

171,123 

•100.0 

680,. :". 

100  z''' 

Foreic-5n  and  domestic  hardwoods 

TOTAL,  mills  50''  and  over 

Tn  addition  to  the  above,  38  mills  in  California  and 

Nevada  r-roducin;'?  less  tl:an  50  U   each  cut 
TOTAL.,  all  softv;oods  and  hardv-'oods 

Lath  7,944  M  pes.      1,449  M  ucs. 

Shingles  385  "   "       16,617  "   " 


lj50_ 

680,422 

775 


681,197 

9,393  M  pes, 
I''.' ,002  M  pes. 


(1)  Doei:.  not  include  northerr;  port  of  com;nercial  California  pine  region 

in  southern  Oregon. 

(2)  Includes  both  vvhite  and  red  fir. 

(3)  The  pine  refp.ou  cedar  cut  A'as  entirely  incense  cedar;  tliat  of  th-; 

rtK^wood  region   v^as  all  Port  Orford  cedar. 
(^)   Pigtree  (Soauoia  v?ashingtoniana) ,  Th.:  redwood  of  th'.  (coaot)  rei- 

v/ood  region  is  Seq,u£ia  semnervirens. 

(5)   About  9  mJllion  feet  of  Douglas  fir  was  cut  from.  0rG;yri  lof?;s. 

Comparative  production  since  1920  -  totals  for  all  mills  (California  and 
Nevada)  cutting  over  50  M  feet  per  annum  including  hardwoods: 


Year 

Cut  I.'I   f.vct 

Year 

Cut  M  feet 

Year 

Cut  }A  fe:,:t 

1921 
1922 

1,350,438 
1,720,556 

1925 
1926 

2,042,991 
2,187,959 

1929 
1930 

2,063,229 
l,514,2f3 

1  O  o  -v 

1924 

2 , 118 , 094 

1,996,496 

1927 

1928 

2,070,811 
1,952,659 

1931 

957,740 

5  ;:^ 


\^3  i(=">l 


277,318  M  less  than  that  of  1031  (mills  • 
cutting  50M  and  less  being  disregarded),  and  vvas  ll^O'ij   of  the  cut  of  that 
year  and  44. 9^/^  of  that  of  1930.  The  pine  region  cut  v/as  74.4^-.  of  that  in 
1951  and  49.7fj  of  that  .f  1930.   The  redvrood  region  cut  was   62.5'X.  of  that 
for  1931  and  35. 0;^^  of  that  for  1930.  As  in  former  years,  the  redw'ood 
region  v/ss  thus  able  under  stress  to  reduce  its  cut  further  than  wf:\s  the 
pin©  region.   There  has  been  a  small  increase  in  small  mills  (cutting  under 
50  \A   ft.  per  year),  from  31  mills  cutting  712  IvI  ft.  b.iii.  in  1931  to  38  mills 
cutting  775  M  ft.  b.m.  in  1932.   This  is  considerably  j.css  of  a  small-mill 
increase,  however,  than  has  been  supposed  by  many  to  have  taken  plnce. 
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GOI.IPiG/.TIVS  YISIJ)  OF  LUTffiEn  GRADIilS  FROM  1IIR22  GIViDES  OF 

rau)vrooD  logs  ci^'iSsiFini)  on  the  basis  of  tiieir  siipsrficial 

APPEAR/JiCS  IN  '.nrS  STA1^:DING  TIGS  1/ 


Research  Note  No.  8  issued  by  this  Station  on  I.ferch  10,  1936,  gave  the 
results  of  a  preliminarj  analysis  of  five  redwood  log  grades  which  had  been 
prepared  for  a  tentative  classification  of  lops  in  the  standing  tree  prior  to 
a  sav-Tiiill  production  study  in  Humboldt  County.  Application  of  luiaber  selling 
prices  to  the  yield  of  each  log  indicated  that  tentative  Grade  II  needed  re- 
vision and  that  Grade  III  could  be  consolidated  v;ith  Grade  IV.  Further 
analysis  has  led  to  the  follovring  simplified  three-grade  classification: 

Standing-tree  logi;  grades 

These  specifications  apply  to  16-foot  log  lengths. 

Tlrirough-knots  are  indicated  by  single  branches,  sound  branch 
stubs  and  recentJ.y  healed-over  knot  holes  in  the  bark. 

Sap- knots  are  generally  indicated  by  clusters  of  sraall  branches 
radiating  fanwise  from  usually  bulging  bases. 

A  cluster  of  PuO   or  nore  sr.iall  knots  virhich  can  be  circiinisoTrl  bed 
by  a  circle  1  foot  or  less  in  diameter  shall  be  counted  as  1  kuot, 

GRADE  I.  Grade  I  logs  Si.ialler  than  30  inches  in  diameter  shall  have  no 
through- knots  or  sap-knots  except  v/ithin  1  foot  of  one  end.  Grade  I  logs 
larger  than  30  inches  may  have  through-knots  and  sap-knot  a  T/ithin  1  foot 
of  one  or  both  ends  and  1  through-knot  in  the  central  14-foot  zone.  One 
large  sap-knot,  2  medium  sap-I-cnots,  or  3  small  sap-knots  are  permitted  in  the 
entral  zone  in  addition  to  1  through-knot.  If  no  through-knot  is  visible, 
the  sap-knot  allowance  in  the  central  zone  may  be  doubled,  i.e.,  2  large, 
4  mediuii,  or  6  small  sap-knots,  or  equivalent  combinations,  such  as  1  large 
and  3  snail,  or  1  large  and  2  mediUin  sap-knots.  Logs  with  the  maximum 
allowance  of  knots  should  be  exceptionally  smooth  in  appearance  between  knots 
to  qualify  as  Grade  I,  otherv/ise  they  should  be  dropped  to  Grade  II. 


1/  .By  ii. 'R.  Brundage  and  T.  J.   Orr,  Jr.,  Section  of  Forest  Products. 


*  MAINTAINED  AT  BERKELEY, CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 


GIlADi:  II.  Lo^s  vath  a  clear  len^^th  of  12  feot,  measuring  either  from  one 
end  orTetv/een  knots  at  both  ends,  or  continuously  clear  from  end  to  end 
for  75  percent  of  the  circuraference,  shall  be  classed  as  Grade  II  regard- 
less of  the  number  of  knots  on  the  4  feet  of  end  zone  or  the  25  percent 
V     of  knotty  circuinferonce. 

Logs  with  scattered  through-knots  not  confined  entirely  within 
feet  of  end  sone  or  25  percent  of  the  circumference  shall  be  classed 
iS  Grade  II  if  the  total  number  vrithin  the  central  14-foot  zone  does  not 
exceed  1  for  each  10  inches  of  log  diaiaeter.  V/hether  there  should  be  a 
limit  in  number  of  sap-knots  in  Grade  II  logs  cannot  be  determined  from 
the  data  so  far  collected  by  this  Station  but  apparently  an  allowranoe  of 
at  least  twice  the  nuiTiber  specified  for  Grade  I  is  permissible. 

GRADE  III.  Logs  vdth  through-knots  exceeding  the  limits  for  Grade  II 
shall  be  classed  as  Grade  III. 

The  average  comparative  yields  of  each  green  lumber  grade,  vri. th  no 
allowance  for  degrade  and  footage  losses  betv/een  green  chain  and  shipment, 
are  shown  in  table  1  as  percentages  of  total  green  tally,  #3  Goriimon  and 
Better,  for  various  sizes  of  logs  graded  according  to  the  above  rules. 
Comparisons  of  gi;een  lumber  tally  with  gross  Spaulding  scale  and  with 
Humboldt  scale  appear  in  the  last  tvro  columns.  The  data  have  been 
adjusted  by  curving  the  actual  lumber  production  from  550  study  logs  cut 
in  a  Huraboldt  County  sav/mill  in  1935.  It  should  be  mentioned  that  the 
logs  observed  were  free  from  the  usual  pre-logging  fire  damage  since  the 
study  plot  v/as  not  burned  over  between  log-peeling  and  yarding. 
Additional  studies  of  about  100  logs  made  in  another  Ilum.boldt  County 
mill  this  year  are  now  being  analyzed  in  conjunction  with  the  1935  study 
for  the  formulation  of  grading  rules  applicable  to  bucked  logs  before 
and  after  peeling,  liift   crack,  spiral  grain,  birdseye,  spot  rot,  com- 
pression v/ood,  and  other  defects  vmich  cannot  be  taken  into  account  in 
standing-tree  log  grading  will  be  included  in  the  bucked  log  specifi- 
^     cations. 

Since  internal  defects  often  affect  the  qualit;/  of  lumber  produced 
o  a  greater  extent  than  defects  visible  on  the  bark  surface,  it  is  in- 
evitable that  there  v/ill  be  considerable  deviation  above  and  below  the 
curved  averages  in  the  yields  froja  individual  redvrood  logs  classified 
only  on  the  basis  of  surface  appearance  in  the  standing  tree.  From  this 
it  follovjs  that  the  yields  from  individual  trees  cannot  be  predicted 
v/ith  a  high  degree  of  accuracy.  Nevertheless  standing-tree  log  grades 
are  sufficiently  dependable  with  respect  to  the  prediction  of  average 
yields  to  make  tliem  of  real  value  in  appraising  different  units  of 
timber  and  in  determining  the  approximate  comparative  realization  values 
obtainable  from  different  classes  of  trees  in  the  saiiie  stand. 

The  relation  of  average  FOB-mill  green- l\unber  selling  value  to 
log  diameter  is  shown  for  each  of  the  three  log  grades  in  figure  1. 
These  curves  v/ere  derived  by  application  of  rough  green-lumber  selling 
prices  listed  as  of  May  18,  1936,  to  the  curved  grade  production  data 
in  table  1.  Discounts  for  quantity  shipments  and  freight  to  the  Bay 
Region  have  been  deducted. 
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Table  1. -Product ion  of  green  Imriber  grades  in  percent  of  total  green-chain 
tally  from  average  redwood  logs  of  different  sizes  and  log  grades 
and  percent  of  difference  between  log  scale  and  green-chain  tally 
of  #3  Goriiinon  and  Better  lumber. 


Log  grades  based  on  surface  appearance  in  the  standing  tree.  Mill  run 
sound  and  defective  logs  from  a  study  plot  in  Humboldt  County,  1935, 
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gross  1 
scaled/  i 
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Inches 

LOG  GRADE 

I 

scale 

20 

Z.2AI 

9.0  i 

18.1  i 

19.7 

i  21.0  i 

29.7 

0.3i^  -26.0  i 

+  5.7 

25 

3.5 

9.6  i 

18.3  \ 

21.5 

1  19.4  ! 

27.5 

0.4 

-26.0  i 

+  5.7 

30 

5.0 

10.7   : 

18.5  i 

22.6 

I  17.5  i 

25.2 

0.5 

-26.5  i 

+  5.0 

35 

7.5 

11.7  1 

IG.O  i 

24.0 

i  15.8  i 

22.3 

0.7 

-27.3  i 

+  3.9 

40 

10.3 

13.2  i 

16.9  1 

25.9 

i  13.2  i 

19.6 

0.9 

-28.5  : 

+  2.1 

45 

15.1 

15.4  i 

15.5 

27.3 

i  11.2  ; 

16.2 

1.3 

-30.0  i 

0.0 

50 

16.0 

17.5  : 

13.3  ' 

28.6 

i  10.0  , 

13.2 

1.4 

-32.0  i 

-  2.9 

55 

19.0 

18,0  i 

11.8  i 

29.6 

i   9.0 

11.2 

1.4 

-33.1  i 

-  4.4 

60 

21.5 

18.0  i 

11.0  i 

30.7 

i   8.5 

9.0 

;  1-3 

-34.0  -■ 

-  5.7 

65 

23.5 

IG.O  ! 

10.5  i 

31.7 

i   8.0 

7.2 

:   1.1 

■    -34.7  : 

-  6.7 

70 

25.0 

17.8  i 

10.0  i 

32.6 

7.7 

6.1 

!  0.8 

■    -35.1  i 

-  7.3 

75 

26.1 

17.4  i 

9.5  \ 

33.4 

\      7.5 

5.6 

'■      0.5 

i  -35.5  ! 

-  7.9 

80 

27.2 

17.0  1 

9.3  i 

34.0 

7.5 

4.7 

i   0.3 

i  -35.9  i 

-  8.4 

85 

■  28.3 

16.3  ! 

9.2  1 

35.0 

i   7.5 

3.5 

1   0.2 

:  -36.3  : 

-  9.0 

90 

;  29.2 

15.8  ! 

9.0  i 

35.7 

:   7.5 

2.7 

;   0.1 

:  -36.6  ! 

-  9.4 

1.0 

1.5 

2.2 

4.0 

7.2 

10.0 

12.3 

14.0 

15.3 

16.5 

17.3 

IC.O 

18.5 


4.7 
7.2 
10.2 
13.5 
15.3 
17.1 
17.5 
17.0 
16.0 
15,0 
14.0 
13.0 


__L0G 
13 . 0 
13.5 
14.2 
14. 8 
15.1 
15.4 
15.8 
16.0 
16.0 
16.2 
16.7 
17.2 

IZjlI— 

LOG 

"iXo" 

13.1 
13.2 
13.3 
13.5 
13.5 
13,5 
13.5 
13.4 
13.2 
13.0 


GRADE  II 


i  13.8 

19.5 

49.0 

0.5  i 

i  15.0 

17.5 

45.5 

2.3  1 

i  15.8 

15.4 

41.7 

3,5  i 

i  16.2 

13.5 

35.6 

4.7  \ 

1  16.5 

11.7 

31.1 

4.9  \ 

\   16.8 

11.0 

25.5 

5.0  i 

i  17.5 

10.2 

21.8 

5.3  i 

i  18.8 

9.7 

18.3 

5.7  i 

\    20.4 

9.2 

16.6 

5.5  '■■ 

i  22.5 

9.0 

14.8 

5.0  \ 

i  24.5 

8.9 

13.2 

4.3  i 

i  27.2 

8.8 

11.6 

3.2  \ 

i  29.8 

8.7 

10.3 

2.0  i 

-18.0  \ 

+17.1 

-20.7  I 

■M3.3 

-23.3  i 

+  9.6 

-25.8  : 

+  6.0 

-28.0  i 

+  2.9 

-30.0  ! 

0.0 

-52.0  i 

-  2.9 

-33.1  \ 

-  4.4 

-34.0  i 

-5.7 

-34.7  i 

-  '6.7 

-35.1  i 

-  7.3 

-35.5  i 

-  7.9 

-35.9  i 

-  8.4 

J^^E__ 

9. '5  i 

9.6  I 

9.7  1 
10.0  i 
10,9  i 
13,0  I 

16.2  i 

20.3  i 

23.6  i 

26.7  1 
29.3  i 


III 


56.8 

7.0 

-13.8 

55.4 

5.5  •; 

-18.0 

53.2 

4.8  1 

-21,8 

50.3 

4.9  = 

-25.0 

46.3 

5.8 

-28.1 

41.3 

7.4 

-30.0 

34.6 

9.2 

-32.0 

28.7 

10.2  ; 

-53.1 

23.9 

10.3  i 

-34.0 

19.8 

10.0  ■; 

-34.7 

16.8 

9.0  i 

-35.1 

+23.1 
+17.1 
+11.7 
+  7.1 
+  3.0 
0.0 

-  2.9 

-  4.4 

-  5.7 

-  6.7 

-  7.3 


"^     Timbers  are  included  v/ith  lumber  grades  of  equivalent  value. 
ij     Gross  scale,  Spaulding  rule. 

3/  Figures  from  Clear  to  Shop,  inclusive,  total  100  perc 
for  each  diameter  class. 


ent  across  page 


The  cui'vos  for  lor  f;rades  I  and  II  r.iay  be  said  to  reprssent  "tree- 
run"  averaf;os,  but  that  for  grade  III  represents  only  the  better  of  tlie 
Iovj  quality  lof.s.  The  '■'troo-run'  of  grade  III  lof^s  vrould  be  vjorth  less 
thau  the  curved  valu^i.c  sinoe  it  would  include  the  very  rouch  top  logs 
vrtiich  are  seldoiv.  utilised  in  actual  practice.  The  majority  of  prade  II 
l0(:  s  v/hich  reached  the  riill  during-,  the  study  had  only  a  few  Icnots  in' 
9::cesf'  of  the  li.aits  for  grade  II.  Smother  grade,  Fo.  IV,  appears  to  be 
deairable  for  c..  bettor  division  of  tlio  lovrer  quality  Iocs.  In  a  four-{rade 
classification,  r;rade  III  could  per.iit,  say,  t^ice  as  nany  knots  as 
grade  II,  or  1  throU;v;h-knot  for  each  5  inches  of  lof-  diai.ieter.  There  v/ould 
bo  too  :^reat  a  ran(,e  in  the  selling  values  of  ,9-rade  III  lof:s  as  defined 
above  if  all  lo.'^s  iu  the  ut>per  third  of  lar/re  trees  v/ere  to  be  included  in 
a  study  run.   7ra ;  the  standpoint  of  distinf.uishin'-;  between  i.jro.L'itable  and 
unprofitable  rouf';h  logs  after  a  tree  is  down,  a  finer  division  of  the  lovrer 
grades  will  be  very  helpful. 

The  t'wo  study  lorn  of  lov/est  average  selling  value  were  a  37-inch  ■ 
log  vrorth  015.25  and  a  49~inch  log  vrorth  .'jpl5.18  per  M  3.H.  green-chain 
tally.  The  tvro  of  highofrb  value  were  a  49-inch  Iop;  vrorth  .JpSU.OG  and  a 
73-inch  Ior  v/orth  'JiiSd-.OS  per  II  B.il.  fireen-chain  tally. 

Avorape  selling  vrluos  of  the  lur.iber  f ro;  i  lor:s  of  each  10-inch 
diarueter  class,  read  fro.":  the  curves  in  figure  1,  are  as  follov/s: 


Log 
£rade__: 

I 

II 
III 


20 


21.20 


Lo{.;  diarrieter,  inches 
40     50     60     70 


3Cl 40_ J)0 60     70     80 

Dollars  pe£  M  B.M.  gre oii-;_cha i n  _ta  1  ly 

1^^3l""^\32"""35.35~  34.70  35.58 
22.r;0  25.35  27.67  29.12  50.25  31.22 
20.  r.  5  21.95  23.38  24.98  26.30 


90 


36.14 


The  ;orodu.ction  of  oacit.  lumber  t^rado  froiii  the  study-rirn  of  each  log 
grade  as  a  \;hole  i'j   slio-rn   below: 


:Diajn. 

Log 

;avg. 

gr e|.aQ  _ 

_  _l0£ 

I 

;  Inches 
f''56"^" 

II 

;     49 

HI 

\     43 

.//o 

r,'^ 


'Lrr 


Clear       A  B  #1 

__  Percent 

itHlT"  ig'.V  "TsTs  """■  30 .2"'  ■"  'lo'.Y  ""  "iO     i  .'o 

11.0     15.2     14.7        19.8        12.2        22.2        4.9 
3.7        9.8     13.0        15.0        10.9        40.8        6.8 


Total 

100.0 
100.0 
100.0 


The  quaj.ity  of  yield  froj-;  red-/oocl  lofs  undoubtedly  varies  with 
density  of  stand,  type  ol  soil,  local  cliiTiate,  exposure,  and  other  local 
differences,  eiitirely  apart  from  its  variation  as  related  to  log  size  and 
' og  grade.  This  is  true  of  logs  in  the  California  pine  and  other  regions 
/•rhere  several  studies  have  l^een  conducted  in  different  localities  and 
there  are  no  good  roasono  to  assuj.ie  that  the  red.rood  region  is  any  excep- 
tion. Llore  studies  are  needed  to  deteri.iine  the  a;-'proxi;:iate  extent  of  such 
variability.  The  data  herein  represent  a  quality  of  timber  probfbly  inter- 
mediate between  tliat  of  the  dense  virgin  stands  found  on  flats  and  that 
of  i.iore  open  stands  growing  on  slopes  at  the  higher  elevations. 
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j              1            GREEM  LUIvIBER  SELLING  PRICES 

!              i            OF  LCC— RUl-T  NO.    3  COMvION  AM) 

If^ 

i 

BETTER  LU..iBER  PRODUCED  FROM 

! 

I 

iWERAGE  REDV'OOD  LOGS  OF  DIF- 
FERENT DIAI'.ffiTERS  AI^TD  STAMD- 
ING-TREE  LOG  GRJfflES. 

10 

No  allowance  made  for  degrade 
or  footage  losses  between 
green  chain  and  shipment. 

5 

FOB  mill  prices  per  M  B.M.   green 
lumber  tally  as  of  May  18,   1936. 

r> 

\ 

Figure  1.-  Comparative  selling  values  per  M  B.M.  green 
lumber  tally  of  various  sizes  and  grades  of 
redv/ood  logs, -green-chain  grade  basis. 
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AN   Ii'TFILTlLVnON  STUDY 


OF  A  DSITUDlilD  AND  A  FCPJCST    COVERi]D   SCIL" 


1/ 


One  of  the   iinport:int   fvaaccions  of  thu   forest   in  relation   bo    run- 
off  i.nd   orocion  is   thn.t   of  clcvolopinf,  end  mo.intaining   soil  porracability, 
This   in  turn  rao-tcri'illy  increases  the  absorption  or  infiltr^.tion 
G.paoity  of  o.   soil   for  procipit  .tion-,        Th^   extent  of  this   influence  of 
tr.c   forest   Govor   is   domonstr-.ti-xl  by  c:  series   of   infiltrc.ticn  tests 
made   o.t   Kcnnott,    California,   on  sniwltor  fume  denud...d  'md  adjacent 
for>-.Ktod   soil--. 

In  1905   both   sells  woro  the   siriic.        They   supported  a  vcget'-.tion 
similar  to   th:.t  now   found  on  tb.,    forestod   soil   and  possessed  like 
churaical  and  physical  properties.        In  that   yoar  o.   smelter  xvas    cst^-.b- 
lishod   and  bv   1010  tho  toxic   offijct   of  th'.    smelter  fumus  had  complc/tely 
destroyed  the    forest    growth  on   67,000   acres    o.nd  had   S'^vorely  dojaaged 
the  -vogct-.tion  on  an  additional   86,000  acres.        Although  opern.tion  of 
thu   sinolter  vfas   later  discon.tinuod,    Yegetation  has  nc;-ver  rwclaiiaed   thu 
are ;. . 


The  Komiott   soils,    developed  under  r.  temperate   climate  Virith  ?ai 
average  annu'il  prucipitation  cf  59,5   inchos,    are   inrciaturvj,    r^-.d,    rocky, 
gravelly  clay   lo;jns    forncd   in   ;:itu   from  undifferentiated  metamorphosed 
limostoi'.es,    sl:'.tes,    and   quartzitus.        Thoy  norm.lly  support   an  open, 
brushy  Douglas   fir  -  ponderosa  pine  vegotativo  type  of  sufficient 


density  vih-.n  undisturbod  tc 
and  flood  hazards . 


ifford  adequate  protection  against   erosion 


1/  By  P,   B,   Eowe,    Associate  Silviculttirist,    D,  M,    Ilch,   Assistant 
Silviculturist,    and  Reno'  Bollae-rt,   Junior  Forester, 


*  MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 


In  determininf^  differences  in  the  infiltration  copacities  of 
the  soils  a  modif ic-tion  of  the  Auten  tu"be  method-'  'vn.s  used.   Thi'^ 
method  employs  a  brass  tuhe  2  inches  >  in  diameter  and  1P>   inches  lon,'- 
v/hich  when  a  test  is  to  be  made  is  placed  into  the  soil  to  a  depth  of 
3  centimeters.   It  is  then  filled  v/ith  i/ater  which  is  held  at  a,  con- 
stant head  during  the  run.   The  volume  of  v/ater  required  to  maintain 
the  v/ater  level  is  measured  as  it  is  added  to  the  tube  and  recorded,  at 
5-minute  intervals,   A  comparison  of  the  ra,tos  at  which  v;ator  is  ab- 
sorbed yields  an  empirical  measure  of  the  differences  in  the  infiltra- 
tion capacity  of  the  soils  saiaplod, 

jiftocn  infiltration  tests  ^vore  made  at  Kennett,  8  on  the  de- 
nuded soil  and  7  on  the  adjacent  forested  areas.   The  duration  of  the 
individual  runs  averaf;;;cd  approximately  20  minutes,  totalini^;  295  minutes. 
The  smnll  number  of  runs  and  the  rocky  texture  of  the  soil  resulted  in 
a  high  cxporiTuOntal  error,   Hovevor,  analysis  of  th(-^  data  shows  the 
differences  in  the  infiltration  rates  of  thg  .forested  and  denuded  areas 
to  b(;  fv.o  groat  as  to  bo  hi./^hly  si^mificant,-'   Tha.t  is,  v/orc  other  tests 
to  be  made  sim.il;^r  differences  v.-oiild  be  expected  in  more  than  99  percent 
of  thn  trials. 

Results  of  the  tests  shov/  th-.^t  the  caiantity  of  v.-ater  entering:?; 
both  covered  and  denuded  soils  decreased  rajTidly  durin^^;  the  first  15 
minutes  of  infiltration,  becoming  more  or  less  constant  during  the 
follo'./ing  10  minutes.   The  rapid  .-.bsorption  -it  the  start  of  t''\e.   runs 
••/as  largely  due  to  the  ori;C;inal  dryness  of  the  soil  ond  to  d.isturbcances 
in  ■placin.'^  the  tube.   Although  the  forested  soil  ?-p';e'^rod  to  be  the 
slov/er  in  reaching  a  constant  infiltration  rate  the  soils  s'^mpled  v;ere 
not  si^rnif icnntly  different  in  this  respect. 

Average  infiltration  rat'-s  presented  quite  a  diff orient  storv, 
■.?"-rying  ^;;;reatly  v;ith  differences  in  the  surface  conditions  of  the  soil 
^-'unpled.   Infiltr'\tion  -vas  slov/erst  on  denuded  soil  h^-vin.'?;  a  heavy 
ero;yion  prvcmont  v.'ith  its  ^.Imo;:  t  impervious  top  layer,  Wnoro    surf-^.ce 
run-off  had  occurred  at  intensities  sufficient  to  remove  the  erosion 
pave^.ent,  the  infiltration  cap".city  of  the  soil  '..'o.s  slieetly  incre--i,sed. 
The  lov;est  infil '..ration  rate  recorded  for  the  forested,,  soil  >."\s  more 
than  double  the  hi^-hest  rate  on  the  denuded  soil.   The  lov'cst  rate  on 
forested  soil  v/n.s  for  those  portions  that  h;:id  been  partiall?/  affected 
by  smelter  funos;  the  hij'ihost  occurred  und>"'r  th.-^  less  disturbed  stands 
•7ith  rs    fully  dovoloped  litter  cover. 


2/  Aatcn,  J.  T.   June  1933,   Porosity  and  vatcr  absorption  of  forest 
soils.   Journal  of  A::<ri cultural  Researcji  46:11,  907-1014. 

3/  Snedecor,  G-eorgs.-  V.'.  1934.  Calciilation  and  interpretation  of 
analysis  of  variance  and  covarifince.  ^\mes,  Iowa:  Collegiate 
Press,  Inc. 


Nuuerically,  the  infiltration  for  the  denuded  soiln  tested  was  at 
an  average  rate  of  23.5  cmr  per  minute  v/ith  a  ran.o;e  of  9.8  to  41.2  cm^. 
For  forested  soils  the  infiltration  ranged  from  90.4  to  321.0  cm£  per 
minute,  avera,ging  263,7  cirS..      Thun  the  forested  soil  a"bsorTDed  2.2  to 
52.8  times  or  an  averar^e  of  13.2  times  as  much  v/ater  in  a  f^iven  interval 
as  did  the  denuded  soil. 

Inasmuch  as  tht^se  tv^o  soils  were  the  same  some  tv/entjA-six  years 
a^iO  it  may  "be  concluded  (l)  that  the  vast  differences  in  tlieir  pres'-?nt 
infiltration  capacities  arc  largely  due  to  the  influence  of  forest  cover; 
(2)  that  tho  destruction  of  the  for'-st  has  impaired  the  ability  of  the 
dcnudou  soil  to  absorb  precipitation,  resulting  in  n,ccelerated  surface 
run-off  and  erosion  and  finally  complete  devastation  of  tho  area. 
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uded  soil,  heavy  nro'-:':ion  pavoment. 

Typical  infiltration  runs  shov/in;:;  the  influence  of 
vegetation  in  m.aintr-ining  the  soil  n^ormoability. 


314822 
A  portion  of  the  Kermett  smelter  fume  denuded  area  as  it  appeared 
in  1935,     Erosion  pavement  covers  most  of  the   soil  where  gxJLlies 
have  not  cut  it  away.     The  sparse  vegetation  that  is  becoming 
established  has  as  yet  no  influence  in  controlling  surface  run-off 
and  erosion. 


'k<'^<^ 


294031 
This  close-up  of  the  gullies  appearing  in  the  upper  right  hand 
comer  of  the  first  photograph  gives  an  idea  of  the  quantity  of 
material  removed  in  the  25  years  since  the  area  was  denuded. 
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THfc  UNIVER 

COo'lPARi\TIVE   COSTS  FOR 
SLACiaiTU; ,    niGriI-.EAD   MD  TRACTOR  Y.ARDING 

REFJOOD  REGION 


June   4,    1937 


Hubert   L.   Person,   Silviculturlst 


Tractors   have  been   used   for  the   past    10  years   as    su.pplenientary 
yarding  equipment    in  the    redvroods,    but    it   v^as  not   until   about    1933 
that  they  could  be   considered  as   serious   competitors   of  the   slackline 
and  highlead  methods   vriiich  have   been  favored  by  redv/ood   loggers   during 
the  last   15  or   20  years.      This   change    in  status  was  the   result   of 
xTiarked  improvem.ent    in   the  tractors  themselves   and  to    an  even  greater 
extent    to   their   auxiliary  enuipment    -   the   yarding  arches,    single   and 
double   hoists   and  bulldozers,    angle   dozers   and  trail  builders.      By 
means   of  this   improved  ecuipment  the   yarding  of  the  largest   log  that 
could  be   handled   at   the    sawaill  was  made   practicable   even  on   steep, 
rough   slopes   and  the   tractor  was   ready  to    come    into    its   own. 

The    success  of  the   tractor  in  parts  of  the   coastal  Douglas   fir 
region  of  Oregon  and  la^ashington,   where   conditions  were  not   greatly 
different   from,  those  found   in  much  of  the   redvrood  region,    together 
with  public   pressure   for  less   destructive   woods  practices,    provided 
the   necessary  incentive   and  redvrood  operators,    to  their  credit,   un- 
dertook to   give   them  a  trial.      And  because   of   the  many  advantages 
inherent    in  highly  flexible   equipment,    and  the   possibilities  offered 
through  selective   logging  for  greater  profits   and  the   saving  of  un- 
merchantable  trees   and   reproduction,    the   California  Forest    and  Range 
E:q)eriment  Station  undertook   a  regional   yarding  study   in   cooperation 
xvith  the   redwood  operators  to    compare   the   efficiency  of  this  new  tool 
with  the   generally  used   steam  enuipment. 


The  TDurpose   of   the  ^'^rclin^:  study  wc.s: 

1.  To   compare   tbe   efficiency  ■'.ind   cost    of  trr.ctor,    sl-ckline 
r.nd   hiphleid   y:^.rding;    r-.nd 

2.  To  detcnaine   the   effect   of   lop   size   ^'nd   certain  other 
f^.ctors   on  yardinj:  costs   for   the   three  niethods   studied. 

The  field  work  >/?.s   be-^un  in   1934    \n(^.    comT)letcd    in  19oG.      Com- 
pletion ivr'S   delayed  because   of   the    introduction   in  19.34    '"^f   ne\v  "Tiesel 
eauipment   ivhich   resulted    in   the  virtu'-'l   ohsoli' sconce   '"'f   the   olfl   gasoline 
tractors.      In   the   course   of   the   study  ;"".rdin{-:  time  oncl   c '^st   dr.tf.  o-ere 
obtained    from  3   sleckline,    6   hi-^hlof-.a   .^  nd   12  tr-.  ctor  scttin;:s,    includ- 
ing 0    total   of   8,538  trips   with  1?,600   logs   scoling   "4, 54'=',  000  ft.    B  '. 

This   report    is   based    on  three   slrckline,    three   hi;"hle'\d   •  nd 
three  tract'". r   settinrs,    all   from  HuTiiboldt   County.      Th-'^y   "/ore   selrcted 
from  the   settings   studied   on  tha  basis   of    sinil-^rity    :>f   c-nditions 
as   to  v^'lume  of    sterxl   -oer  •■ere,    ;  nd   stec-oness   r.iid   :^"ou:hness   of  topo- 
graphy.     iTeither  the   lowest    nor  hi'^hest    C'St   "t"r-.'Ct-;r   settinrs   'Vf^ro 
included,    and   ell    cenditions   ■T'ffcctin-^   C-^sts   era  beli^-vod  to  be   at 
least    as  favorable   .;n  the   stc;am  as    on  thj   tr-'Ct)r   scttin^-s.      The 
settings   selected    vvero   c^n  thu  ooeratio^s   of   titr^-.e  dif-i^erent    compenies 
each  of  which   contributed    to  both  ste-oo  and   i^raetor  data. 

Methods 

Th,e   results   ore  based   on: 

1.  Accurate  timing  of  each  activity  invelvjd  in  yrdin.:,  such 
as  in  and  ovit  time,  hjok  end  unhook  tim^e,  ol.l  deloy  items, 
etc. 

2.  Cc-r^-ful  iaeasuroments  of  d  i-irri.etor  '\nd  lGn:_th  and  dftnrmina- 
tion  of   cull   and   gross   and   net    sc^le  for  e-~.ch   la^r. 

3.  C:)st   ner  hou.r  -^nd   ncr  m.ir.ute   '"^f   each  yarding  unib   f  er  each 
setting.      A  tract  ;'>r  arch  a.nd  di'um  c  .wibinatiori  is   consid';red 
a  unit. 

The   timing   and   scaling    give   th*-    basis   f^r  d-:terminin]-  the  v-lurae 
of  logs  yarded  by  each     machine.      By  ari-nlying  t-)e   oer  minute;   c  ^st    )f 
a  yarding  unit   t-;   the   outnut    jf   th-^t  unit    th^^   'ictual    c^si;   ner  lA.    bd. 
ft.    of  log   scle  was  determined. 

The  data  were   also   analyzed    to   show  the    effect   -^f   log  3i;."o, 
load  volujma,    yarding  distance,    and    sleipe    (for  tractor  y-raing)    on 
yarding  cost. 

The   item.ized    costs  used   as   the   basis   of    com.periean  rjrr   listed 
in  tablu  1. 
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or  -orincip-;!  intcro^t  -re   the  norr.ly  identic.!  tctnl  C'st  per 
M  feet  fur  the  slackline  and  highJ.ead  and  the  iiiuch  lowei-  cost  for  the 
ti-cictors,  nearly  oO  cents  lovjer  per  M  feet. 

The  ver   ho^ir  costs  are  of  litlle  si/"nif  Icance  for  coiriDerison 
because  of  the  wide  variation  in  outnut  ne.v   hour  for  tiie  difr^erent 
machines . 

Effect  of   LQ£'  Sijz-e  and  Yardin;-  Dist  ance  on  Yard  in;  _0o  st_ 

Yarding  coats  ner  M  feet  are  consistently  higher  for  small  logs 
than  for  large  logs.   This  is  because  the  scale  or  board  foot  content 
increases  fastoi^  \'iith   size  than  the  cubic  content  and  ^veight,  an-"'^  be- 
cause it  is  easier  to  handle  a  given  scale  in  onn  log  if  not  excessively 
large,  than  to  handle  the  sai^e  voluiii'-  in  several  lo"-s.   For  exa^-^-nl^, 
it  is  obviously  cht-aper  to  hiandle  one  log  contairJn-  !^',000  bd.  ft.  than 
10  logs  each  containing  only  P^OO  bd .,  ft.  although  tie  tota]  scalp  is 
the  same  in  both  casos.   A  nrincinal  reason  for  this  is  that  scvr'ral 
of  the  time  items  -  out-ti.'ifi,  turninr'-tirne  (foi  tisc-ors),  and  most 
delay  items  -  bear  no  relaci'on  to  lo-  or  load-si^.e;  end  othpr  itom,s  - 
principally  hoolc-and-u.nhook  time  -  are  '.nr-ly  sll'  'itly  affect  el  bv  log 
size.   Consequently,  a  large  nart  of  th-  round  trir  ti::io  in-\/'olv3d  in 
yarding  is  not  af.f'ectt.-d  hy   eit]ipr  ].oad  or   lo-  si'.e  and  the  la-"ger  the 
load  or  the  log  (.vithin  nracticable.  li'.'iits)  th'-  sir-ei.!.  j -=r  th.e  a'nount  of 
time  and  cost  char^'eable  to  each  h;  feet  ef  scale. 

This  decrease  in  cost  per  :1  feet  v./i'Yi  increase  in  loe'  scale  is 
shown  graphically^  for  sll  thre^  ye-.rding  m.ethods  in  figure  1  and  for 
tractors  and  slac'cline  in  figure  rJ.  Figure  1  is  bas'-'d  on  an  ■•-^xt'^--rnal 
yaidinr  distance  of  1,000  feet  and  figure  2  of  2,000  feet.  Sign  lead 
yarding  costs  a.rc  not  included  in  fip-ure  2  bece.uS'-'  tjjis  method  is  not 
used  for  yarding  much  over  1,000  feet. 

It  should  bu  noted  tliat  gross  Spaulding  scalj  is  used,  rather 
than  lium.boldt  scale,  in  these  charts.   Also  thet  rig/'lng  ah-ad,  tino 
changing  and  road  building  (for  tractors)  are  not  included  in  tlio  cost- 
given.   As  this  com.bined  item  is  higher  for  steam  yai'ding  than  fe;r  tracto:; 
yarding  in  practicelly  all  cas'-.s  the  in.^lusion  of  this  ad'-^itional  cost 
would  mak'.v  the  difference  in  favor  of  tractor  yarding  even  greater. 
Various  overhead  item.3,  and  other  fixed  per-acrc  costs  which  would  not 
vary  arrDrociably  with  the  different  methods  are  like^'^s.-  omitted. 

Both  figures  show  that  tractor  yarding  is  cheaper  than  steam 
logging  for  all  lo_'  sizes  ar:d  for  both  o'xternal  yardin-  distances. 
The  grf.atest  difference  in  favor  of  tractor  yarding  is  in  the  small 
log  sizes,  the  500-foot  log  being  nearly  80  cents  cheaoer  nor  K  with 
the  tractor,   ^.ut  it  is  of  interest  that  the  tractor  also  shows  un  to 
advantage  v/ith  the  largest  log  sizes,  because  only  a  few  yr;srs  ae'O 
many  redwood  operators  balieved  that  trectors  could  not  handle  l.:.rge  lop-s 
efficiently.   The  consistently  good  showing  oi"  thu  tractor  is  the  more 
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remarkable  bocauKc-   it    is  r   rclativoly  new  yarding-  metho'i    in  the  rcd'vood 
region  and   still   subject   to  many   inprovements  -vherees   ster.m  equiDmcnt 
has   been  used   for  years  and    slackline  yardinr   in  particular  has  b'ren 
developed   to  a  very  high  T^oint    of  efficiency. 

The  difference  between   tractor  and    slackline   costs  with  a   £,000- 
ft.    yarding:  distance   is   s-'/en  to  be  sonewliet   small-r  than  with   the 
1,000-ft.    distance.      It    should   be   enrDhasized ,    however,   that   the   trac- 
tor  is  much  "^.ore    adaptable,    and    conseciuently  h.'.s  a   great   advantage 
wherever  v/ide  differences   in  distance  '^re  encoui'.tered.      ^.oth  slacl'line 
and  high  lead  machines  arc^  limited  by  certain  maximura  diatances  beyond 
'-■hich  they  carnot   go  and  v^ith  them  the  long  corner  means  the-   ndditionel 
cost   of   0    "swing".      The   tractor  on  the   other  hand   ha:-;  no   such   definite 
limitations  and   can  be  used  v/ith  equal    advanta;:e  for  short  ^nd   for  long 
hauls  ur  to  the   point   where   rpilroad   or  truck  tr'msaort-:  tion  m-'y  compete. 

No  ■•■ttempt    .vill  be  m-ide  here  to  discuss   the  "nany  oth;.r  .".dvc  r- 
tegcs    ir   tr'^ctor  yrrdirg  resulting   from  ■'tIic  f^re-'t   ll^'xibility  of   the 
tractor  units,      "^"heir   yuncriority   in  SfM  .-ctive   loariag  -aid    th  3   onnortuait  ies 
which  the},^  offer*  for  m:  inteiai  ng   -^   ster'-''y  flow  of   ]ogs    ir   snib'^   of   dif- 
ferences   in  yfirding  di  st'"'.r:C"" ,   volut.ie  nrr  -^cri"     .r-d    otlicr  conr'itions; 
in  k:eepin,-:  the  verioas  narts   of   -n  or.- r 't  ion   W'-ll   b/l-rc  ;-d   •"  nd    in 
solving  m-^rv  man'agement    orobleiiis   such   as  i'illia'     sr.ccirl   orders   on 
short   notice,    should    et    l-'ast   be   m- ntMoii-d . 

The  m.aterial  presented   in  tl:e   forgoing   is  hrs.-c'    -rnti-^ely  on 
sumiir^r,    or  drv   weather,    loggirg  for  both.   tr^xCter-   '.rd   st^-'m   '' nui-nm'~nt . 
Tractors    -re   obviously  at   r.    dis-T-''v":nte,;-a   en  wet   ground,    ry-'r+iculerly 
where  clay  soils   -^.re   oncounte-rod .      This    is    '    S'-rious   di-rficulty  for 
onerrtors  wisl'in/    to  y.-^rd   entirely  w-ith   tr-'^ctors.      In  some   coses  e 
season'^1   yerding  operatior.  has   ber-n  found    nr-ctic'l    '  nd    ir   ot'i(:rs 
attempts   -re  being  madi.:   to  use  the  tr;'-ctors  through  the  winter  by  more 
careful   road   locetion  ard  b;.'  frequent    ch  .r;-es   f:,-om  ro-""d   to   ro-'r'    -lad 
from  landing  to   landing.      Thrre  ere  also  m^-ny  rossibiliti  es  for  winter 
use   of   tractors  v:ith   doubledrum  for   short-distance   line  yerding   and 
else   in  combination  with  :niecel  yirders  '-'nd   other  less  mubilf'  oquipmert. 

In  conclusion,    it   h'^^s    been  demorstrated  the.t    tr-ctor  yarding 
is   superior  to   the   convent ioncl  hirhlerd   -nd    slr-cklin^  y-rdin,-'  under 
most   conditions  found   in  the   redwood  region,    excent   during  the  rainy 
season,    and    its  much  wider  use   is   imdoubtedly   justified.      The  apt)lica- 
tion  of   the    ingenuity  displaye^d  by  redwood   loggers    in  the  development 
of    ste^m  logging  will   undoubtedly  solve  xuany  of   the  difficulties  now 
enc:;untered   in  -vinter  tractor  logging  ---nd  m-;ke  rossiele  the   elimina- 
tion of  much  of   the  d^-structien  of  urimerchentabl-:   trees  -ssociieted 
vvfith   sleckline   and   to   a  less    extent   with  hiv"hler;d   yarding. 
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REF"OOD  '^td^.CT^R  Y  JiT)Hr    COSTS 

AS  /V^'lECl^ED  PY  SLO^S  rs.iTI^^T  AKO  LOi.Ij   '^OLUME 

William  Hall  in,  Assistant  Silviculturist 


Realization  of  the  ixt)Ortance  of  r)lan],inr'  in  lo^^e-inp  is  essen- 
tial to  maTimum  efficiency.   In  tractor  vardin';  da-^'  tc  r^ay  and  log  to 
log  planning  is  of  far  greater  im-oortance  than  in  steairi  yerdin;:  because 
each  log  '^ay  be  ta^-ren  out  in  many  possible  loal  combinat1on?^^,  often 
over   any  one  of  several  possible  routes,  and  in  alnost  any  -^rd^r; 
whereas  in  stea^n  yarding  once  the  lendin.5:  is  rirge'"!  ur  t^:e  order  is 
quite  definitely  established.   This  ir-iuortance  of  short  time  ulanning 
on  the  ground  as  the  logs  are  removed  mahes  very  close  supei'vision 
essential  in  tractor  logging,   fhe  hook  tender  ( o""  si'ie  boss)  must 
spend  much  ot"  his  time  right  where  the  loads  are  made  up. 

Basic  data  on  miost  efficient  slope  gradients  and  most  efficient 
load  size,  wliich  are  essential  to  rroper  planning,  have  teen  deter- 
mined by  time  stvidies  completed  in  the  r-^-dwood  re^'ion.— ' 


!_/  See  Research  Note  IIo.  15  .   Comparative  costs  for  slaci-iline, 
highlead  and  tractor  yarding.   H,  L.  Person. 


Slope  Qradi ent 

For  7*0   to   95  horsepoiver  tractoi's    the  pvera.'e   o-nt ifiUjii   out-and-in 
time  per  100  feet   horirontal   distance   occurs  for  2000  foot   loa'-'s 
(gross   scale  Spaulding)    at   5   percent    slorrs,    for  5000_f;oot   loa'-'^s   at 
7_2e7'_cent_  slopes,    and  for  8000   foot   loads   at   15  percent    slopes    (see 
figure  1).      These  figures  aDTDly  chiefly   to   a  timber  body  vjhere   it    is 
■Dossible  to  locate  the  bunching  r>oint    so   as   to  give  o-ntimuni  slore  x-ith 
apcroxiraately  the   same  tractor  haul   distance.      All   results   of   a   study 
of   this  kind   are   essentially  averages;    corsecuertly  some  of  the  heavier 
logs   take  more  tim.e  than  shown,      '"ith  very  lorr-e  logs  difficulties 
may  be   encountered   on  slo-oes   of   less  than  5  percent  whioht  vjill   increase 
th.e   time  Triuch  beyond   trie  averace  shown   in  figure   1,      Adverse  gr?des 
arid    even   :f*avorable  grades  under   5   -nercerjt   should,    therr^nre,    be  avoir'^/d 
if   at   all   nossible.      This  annlies    equally  as   well   to  "•"hp   short    stretch 
coming    into   and    crossing   the  landing.      On  most    settings   the  usu.al   T>rac- 
tlCfj   is   to  have  this   stretch   ouite   flat,    and    on  tl:c  settings   studied 
considerable   lost   time  occur^^ed    in  bringing  the  larger  lopds   across 
the   landing.      A  minimui'i  slope;   of   10  -o-'rcent   v/culf^   ;Tiv6   a  better  margin 
^ov  keeping  heavy  loads  movi;:r.      It  mighl:   not,    t:0"-ev3r,    ■•Ive  the-   rnost 
officiant    results   '/hen  othrr  condixions   controlled   th'-;   S'-'t-up. 

'^he  most   efficient    slone   fo""   gaining  a    given  d^iff erence_  in 
elevation  is   30    gO   31   TH-;rcent ,    depending   or   the  lo-.d   volume,    but 
for  practical   nurposes   it   lies  bf^t'-veen  ^5   and    5b  nei/cent.    (see 
figure   :; ) .      AlthougJi  tlier.;.;  are   net    suf-f'icicnt   data   to  givt   a  reliable 
curve  for  sloncs   over  35  -TK-rcrnt,    general    observations   duiin^    the  time 
studies  and  by  various   onerators    indicate  that   "■he  maxim-mi  advers^: 
sl.or>r   over  wh:'ch   75   to   95  horscoower  tractors    and    u.rcli-s   can  ^^   emrty 
lies  between  40   and   45   percent,      ''■hat   little  data  vve  Iiave   Oij    slones 
ove-f.^  40  percent    indicates  that   the   in-trae   on   slopes   over  40  percent 
incr>",ases  very  rapidly.      Gonsoogaently  the  maximum  slont..   should  be   very 
little   over  40   percent.      Commonly  topogra-^-hy   --iU^   location  of   tii'xber 
dete:nninc:  more   or  loss  defini'te  T-oints  betv«ecn  which   the   sections   of 
the   road    or  roads  mu.st   be  built.      The  d  i  ."'f  f'rerjce    iii  elevation  b^'tvveen 
tv;o   points   is   constant,    but   the   horizont-il   road   distance  decreases 
as   slonc    increases;    consequ.ently   the  i21ost_  ef i' ic i e nt  ^ slo-pe_  is   the   .25 
to   35  aercent   v;hich   is   i-'est    for   •■•ainin-   t^-   f^levati.on.      Tf   the   yround 
is   not   stocTD   enough  to  allo^f  f5   to   35  r^i^rcent   grades   the  tiiost    ei'ficient 
grade   vvould    b'^   the   stee-^est   aossibla  gi'ade  b.-t^aen  the   t^-fo   aoints, 
which   in  turn  mee.ns   th'^t    if  the   sloae^  ^Is    constant   ard   le3jg_t>^an  _35 
T)t.rcont   a  J-lt^ai-gJ^rt   liri_._  wili.j^ix^  Jhe_m£st_  etX^^  If  thr- 

slOT^e  between  two  TDOincs    is   less  than  30  -nercent  but   nuite   vari.'_bi.' , 
a  longer   route   with  a  ;;ore   co;ost--nt  slcr^.::  mav  be  b'-tter   tlian   a  straight 
line;   but   this   can  only  be   decided    on  +>;e    -roun"!    in  each    ir^'ivi  :ual 
case  v^fhen  the   ground   conditions  for  th-   alternetlvj  routes   are    kaowL. 
As   the  most    e-'^ficiert    sloao  gradient   for  raining  a    -'ivr-r:  dif-fv-rnce 
ia   elevation   is   the    sam-   for  both    in  and   out   trirs,    the    s-me   rr^ijci- 
nles  would   aaply,    e^ren   if    separate  roads   are  used    for   in   end    out    tr-iv  1. 
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/\lthoufh   slope  gradient    is   \'ery   iriDortnnt    in  tractor  n£;d    loca- 
tion other  thinf-^s  must  be   consi:^.er:,-d    nlso,    such  ss   cost   of   construction, 
locr--tlon  o.nd   rr^ount   of   tiiiibr-r,    r:nd   th';   need  for  a'/oidin.:-  sharo   curves 
which    cause   the  IO'-ts   to  bind   on  the  bank   or  stuinps. 

Size    of   Load 

r^ecause   the  total   roun.d    trip  time  for  l--;rge  loads    is   not   much 
greater   than   it    is   for   small   loads,    the  round    ti^in  t  imx-   ncr  M.'"'.M.    is 
much   smaller  for  large   loads. i*/     The  round   trip  tine   per  M.^'.;v!.    for 
1,000  foot   loads    (gross    scale)    is   an^rojrim.at';ly  f o_ur  _tiraes    tha.t   for 
5,000   foot   londs    (see  figure   3).      T.oads  from  5,000   to   9,000  feet 
(gross   scale)    are   the  most   efficient.      The  data  for   loads   over  8,000 
feet   are   not    adequate' as  the  be  sis  for   definite   coi^clusions ,    but   this 
weakness    is   not   serious  because  the  ca.naclty  of  th>'.  arcli   dees  not   nor- 
mit  m.any  loads   over  8,000  feet. 

The   f ollo^-'in'"'  data   taVcd-;   from  figux-e   ■'    illuatr-^ite  the   valu-o 
of   Icrp-e   loads.      Assuming   all   loads   to  be   4,000  fet.t   or  a, OOP   f^-ot 
the   output  v/ould    iiicrrase   -7   -^erc'mt    in   eha:..igi:i'-'   from.  4,000  f:;''d"    to 
6,000  feet,    or   in  a  m.ore   e-rt  eeme   c-.S':,   th^:    output   w^ul^^    incre^:  s--   91 
percent    iii  changing  from_  o,000  foot   lo?  ds  to   7,000  foot   loa.'^s.      Si'/c 
of  load   can  be   incr^esed  hy    trkiri-;-   in  more  lors   ner  load    or  by  bucking 
lon^-cr  logs,      "'.oth  methods  should    ba  usrd. 

The    id^jal   condition  ■-veald   h      sin  1— log   lo-ds    of   t^OOO  foft   ?nd 
over.      Somc'   of   the   advanta.ges  of   sir>e;l'--log  loa'''s   -^re:      less  time  for 
setting  chokers,    hoo^ring  aad    unhooking,    -sser'^bliup'-  or  bunching   lo-cis, 
and   lifting  load   and    afMusting   it    in  the    rrc]i.      "bviousl-^-,    ■^ll   lo-"S 
c-^nnot  be   ."^000   feet   or  rnore   in  vjlumi-":;    but   by  cut-*-. in.:--  more   Ion;:  lors 
the  average  volume  nor   log   en   be  markedly   incr'':'''e:- d  .      Or    th"    s<  lec- 
tively  cut   Penry  Oreok  are?^    56   percent    :.f   a   tetel     if   7'''l   lot^'e   so''l...d 
were   5P   inches   or  mors    in  diameter   "tk^    90  -Dorcent    ■•■vera   37    inches    or 
more.      i    oS-inch  log   40  fett   long   scrl's   "^OSl   feet    (gross   Sp^'uldin;-) 
ai^d   -    57-inch  log  40   feet   lent;   scales   :'.?^1    foivt.      In    this  c-se  by   cutting 
I'.rge   logs   not   over  40  fet^t    in  length    amroximotely  half    of   them  c^milr! 
bo  t-'ken   in   single   log   loeds   '3000   fe;:t    or  ever   in    veluiTi.c   mnd   nearly 
all    in   either   one   or  two-log  leer's   5000  feet   e^r  ever   in.  vlum^e.:!/ 

In   smaller  timber,    ouch  as   is  c  mimenly  feun-^    in  r'^midecino   County, 
much  of  the   timb-r   could   be   loggt^d    in   tree   l^neths   ••^nd   bucked    :-t   the 
l^niding.      In  addition  to  h-ving   greater  volume    n^-r  log,    by  use    -'f   tree 
leneths  anJ    coordinatijn  of   falling  with   re-  d    locetlon,    tJ?o  emonnt    of 
Sour  r^aos   or  tre.vel    oi'f   the  roads   c  juld   be   rf.diTce'd. 


2/     '^^v  further   liseussion  see   Imnortance   of   l^rr^e   loads   in  redwood 

tractor  lo;eging.      R.    Stahelin  and   "'.    f^allin.       'hst   Coest   Lumberman. 
February  1937. 

Z_/     Oxi,  this   onaration  the   l^ck   of   e   bucking   saw  at   the  mill   nrev  nted 
the  use   of   long  logs. 


REDWOOD 
TRACTOR  YARDIIMG 

ROUND   TRIP    TIME 


m  2n  an  4m  sm  6n  7iui  sm 

VOLUME     PER    LOAD 


GROSS       SPAULDING 

Fipure   3 


Un ifo.rr'  Prodwc t_i_on 

Foi  >^ost  efficient  resiolts  a  uniCor'n  flov.'  of  logs  into  the 
landing;  is  desii'able.   'Rosding  delpys  due  to  j^jaibinc?-  for  lof-'s  to  be 
bunched  by  a  s'cid  cat  or  double  dn^.m,  or  waiting  for  peelers  to  finish 
reclin,'"-  the  logs,  should  be  eliminated.   Delays  due  to  ivailiny  for  lo,:'s 
to  be  bunched  can  be  lar^el^^  eliminated  by  usinr  lon,\'  lops  and  by  buncLi-- 
in,^-  loi;s ,  when  necessary,  in  small  groups  some  time  ahead  of  the  roa-^in,-. 
Ajjy  extra  peeling  necessary  in  addition  to  that  done  by  the  regular 
peelers  siiould  be  done  at  the  lending.   On  all  settings  studied  -vhere 
this  extra  peeling  was  done  in  the  vrocds  considerable  lost  time  resulted 
from,  waiting  for  peelei'S.   In  som.e  cases  this  increased  the  total  time 
as  much  as  IP.   percent.   Tn  order  to  insure  uniformity  of  x^roduction 
of  lo«s,  close  supervision  is  necessary  to  see  that  ].ong  hauls  are 
balanced  with  short  hauls  rather  than  to  clean  out  an  area  in  one 
sweep  from  the  landing  to  the  bac^:  end  of  the  settin'"'. 

Ij'l  conclu.sion,  data  prescn'^.  ed  sho'v,  some  of  th-.  effects  upon 
tractor  yerdlng  efficiency  of  slorc  gradients  and  siKC:  of  xoads.   Much, 
however,  remains  to  bi.-  known.   P.eali:7at  ion  of  m?:'>:in:ij:-:j  efficiency  in 
the  redwoods  will  co-ae  on]  y  "'"ith  further  experience  i.n  tractor  opera- 
tion, adenuate  cost  rt,;Cord3,  mechar:,ical  etudi'je,  and  additional  tim^^ 
st;i.dies.  / 
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CliEMICAL   KILLING   OF    SPROUTING   STUMPS 


By  H.  D.  Bruce,  Chemist 


After  land  has  been  cleared  of  shrub  or  tree  growth  by  fire 
or  cutting,  species  that  have  the  capacity  to  sprout  from  the  stump 
or  base  of  the  stem  soon  send  up  vigorous,  dense,  brushy  growth  which 
is  objectionable  from  such  standpoints  as  fire  protection  and  improve- 
ment maintenance.   Included  among  such  sprouters  in  California  are  all 
the  tree  and  scrub  oaks,  certain  manzanita  and  ceanothus  species,  and 
such  other  native  shrubs  as  chamise,  Christmas  berry,  California  coffee 
berry,  sugar  sumac.  Sierra  chinquapin,  and  birchleaf  mountain-mahogany. 
Of  those,  highland  live  oak,  including  the  tree  (Quercus  wislizenii) 
as  well  as  the  shrub  form  (var.  frutescens),  is  one  of  the  most  vigorous 
and  persistent  sprouters  and  one  of  the  most  troublesome.   This  species 
is  of  common  occurrence  over  wide  areas  in  the  foothills  and  mountains 
of  California. 

Several  introduced  trees  such  as  eucalyptus  and  acacia  are  also 
vigorous  sprouters  and  frequently  present  difficult  control  problems  in 
both  rural  and  urban  areas. 

In  figure  1  is  shown  a  typical  live  oak  a  few  years  after  cutting, 
Such  a  bush  may  not  only  usurp  valuable  forage  land  but  is  always  a 
potential  fire  hazard  because  of  its  inflammability  and  fire-spreading 
characteristics.   It  cannot  be  killed  by  chopping  off  the  branches  or 
by  burning,  for  after  such  treatment  the  stump  sends  forth  new  growth 
from  the  base  and  becomes  more  voluminous  and  m.ore  objectionable  than 
ever. 


*   MA1NT7MNE0  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 
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The  eradication  of  sprouting  brush  is  a  difficult  problem, 
and  considerable  study  has  been  undertaken  to  find  a  cheaper,  quicker, 
and  more  positive  method  than  blasting  or  grubbingo   One  solution  of 
the  problem  has  been  found  in  poisoning  with  herbicidal  chemicals  as 
hereinafter  described^ 

Of  several  chemicals  tested  extensively  as  a  stump  poison, 
ammonium  sulfamate  has  proved  both  effective  and  reliable.   It  is  a 
white,  crystalline,  water-soluble  salt,  which  can  be  purchased  from 
chemical  supply  houses  for  18  to  20  cents  per  pound.   It  is  available 
in  small  quantities  at  local  hardware  and  garden  supply  retailers  under 
the  trade-name  "Ammate o "   It  is  used  as  a  solution  (approximately  15 
percent)  prepared  by  dissolving  1-^  pounds  of  the  salt  in  1  gallon  of 
water  . 

In  poisoning  a  stump  with  ammonium  sulfamate  there  are  four 
operations,  as  follows: 

lo   Desprouting  (fig.  2).   All  sprouts  are  chopped  off  at  the 
crown  with  an  axe.   The  purpose  of  desprouting  is  to  gain  access  to 
the  stump  and  to  facilitate  later  operations.  ^ 

2.  Unearthing  (fig.  3).   The  soil  or  duff  immediately  around 
the  stump  is  removed  with  a  shovel  or  mattock  to  a  depth  of  3  or  4 
inches,  exposing  all  budding  tissue  and  any  large  radial  roots.   At 
the  same  time  loose  litter  is  removed  from  the  top  of  the  crown  so 
that  all  live  portions  of  the  stump  are  clearly  defined. 

3.  Hacking  (figc  4).   All  live  tissue  is  then  scarred  by  lightly 
hacking  through  the  bark.   The  chips  are  allowed  to  remain  in  place  to 
catch  and  retain  the  poison.   It  is  particularly  imipor-tant  to  make  a 
complete  girdle  of  cuts  at  and  below  ground  level  where  new  sprouts  are 
apt  to  develop  o   Hacking  is  the  most  im.portant  operation  and  should  be 
thorough. 

4.  Spraying  (fig.  5).   The  15-percent  solution  of  ammonium 
sulfamate  is  applied  to  the  fresh  cuts.   This  is  done  most  easily  by 
manipulating  a  stream  of  the  liquid  from  the  nozzle  of  a  portable 
sprayer.   Only  enough  solution  need  be  applied  to  saturate  the  freshly 
cut  surfaces. 

In  figure  6  is  shown  the  dead  stump  after  chemical  treatment 
of  the  sprouting  stump  pictured  in  figure  1. 

A  complete  kill  of  about  95  percent  of  stumps  treated  in  this 
way  can  be  expected  from  a  single  application  of  ammoniujn  sulfamate. 
In  the  surviving  stum.ps  an  occasional  sprout  will  later  develop  but 
will  easily  succumb  to  a  second  treatment.   The  success  from  the  first 
application  falls  off  sharply  when  the  stumps  exceed  25  inches  in  diameter 
because  the  larger  stumps  are  more  irregular  and  more  difficult  to  prepare, 
Added  care  in  step  3,  above,  will  result  in  equal  success. 
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Six  to  ten  wstiomps  of  average  size  can  usually  be  treated  with 
one  gallon  of  solution.   The  average  workman  can  treat  from  four  to 
eight  stumps  an  hour^   There  is  little  or  no  seasonal  difference  in 
the  resistance  or  susceptibility  of  the  plants  to  ammate .   There  also 
seems  to  be  little  difference  in  susceptibility  to  ammate  among  the 
common  sprouting  species,  although  there  is  a  difference  in  the  ease 
with  which  the  stumps  can  be  girdle  do 

In  contrast  with  chemicals  formerly  used,  ammonium  sulfamate 
is  not  toxic  to  animals  nor  is  it  inflammable »   Ammate  is  somewhat 
corrosive  to  metal,  however,  and  containers  and  applicators  should 
therefore  be  rinsed  thoroughly  after  ammate  has  been  used  in  them. 

Chemical  killing  of  sprouting  stumps  has  been  used  extensively 
and  successfully  in  the  construction  and  maintenance  of  firebreaks  and 
roadsides  in  the  forests  of  California.   The  method  should  be  of  economic 
utility  for  maintaining  clearings  around  forest-guard  stations,  lookout 
towers,  public  campgrounds  and  smoking  areas,  under  electric  power  lines, 
and  along  railroad  rights-of-way.   Ammonium  sulfamate  can  be  used  to 
remove  willows  and  alders  from  the  banks  of  reservoirs,  irrigation  ditches, 
and  flood-control  channels c   Householders  find  the  method  both  cheap  and 
positive  for  ridding  their  property  of  unwanted  eucalyptus,  redwood,  and 
other  sprouting  species.   For  large-scale  clearing  of  undesirable  trees 
on  range  land  the  method  is  not  cheap,  but  the  application  of  chemical  at 
the  time  of  the  original  clearing,  when  trees  are  felled  for  wood,  is 
convenient  and  insures  valuable  forage  land  against  later  encroachment 
of  brush  issuing  from  the  old  stumps.   The  advantage  of  eradicating  stumps 
with  chemicals  has  been  repeatedly  proved  in  forestry  practice  and  with 
adequate  attention  to  the  requirements  for  careful  application  the  method 
is  both  certain  and  economically  practical. 
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Figure  1.   A  sprouting  live  oak  stump. 
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Figure  2.   First  operation:  de sprouting, 
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Figure  3.   Second  operation:  unearthing. 
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Figure  4,   Third  operation:  hacking, 


Figure  5,   Fourth  operation:  spraying  the  fresh  cuts 
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Figure  6.   The  treated  stump  a  year  later,  completely- 
killed  by  the  single  application. 
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A  KEY  FOR  IDEirriFYING  SOi>IS  IiffORTAM  AWIJUAL  RANGE  GRASSES 
IN  THE  IM/ATURE  STAGE 


By 

A,  L.  Ho r may  i/ 
Associate  Forest  Ecologist 


A  simple  key  for  identifying 
of  grovi'th  has  been  needed  in  the  pa 
eluding  the  Forest  Service,  the  Soi 
cultural  Adjustment  Administration, 
surveys  on  annual-type  ranges  in  Ca 
to  begin  these  surveys  in  late  wint 
the  flowering  stage,  and  the  specie 
of  their  vegetative  characteristics 
fore,  was  not  always  possible.  Gra 
of  the  similarity  of  the  species. 


annual  grasses  in  their  early  stages 
st  few  years  by  several  agencies,  in- 
1  Conservation  Service,  and  the  Agri- 

which  have  been  conducting  various 
lifornia.   Frequently  it  was  necessary 
er  before  the  vegetation  had  reached 
s  had  to  be  distinguished  on  the  basis 
•   Identification  of  species,  there- 
sses  gave  special  difficulty  because 


There  are  approximately  118  species  of  annual  grasses  in  California, 
but  only  about  10  may  be  considered  to  have  range  importance  from  the 
standpoint  of  abundance  and  forage  value.  These  10  v/ere  included  in  a 
key  and  descriptions  of  20  annual  grasses  prepared  by  the  author  10  years 
ago  to  facilitate  some  range  investigations.   In  order  to  meet  the  present 
field  needs  of  the  several  agencies  actively  engaged  in  carrying  out  sur- 
veys in  the  annual  types  of  California,  the  key  and  descriptions  have  been 
revised  in  less  technical  form  and  are  presented  in  the  following  pages. 


17  The  author  is  grateful  to  Mrs,  Dorothy  K.  Dick  of  this  Station  for 
many  valuable  suggestions  that  have  made  this  work  more  practical 
and  usable,  and  to  diss  Beryl  0.  Schreiber  for  technical  comments 
that  improved  the  taxonomic  presentation* 


MAINTAINED  AT  BERKELEY,  CALIFORNIA.  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 


-3- 


Xmu  JO  suoTq.dTJOsap  eq-^  ut  usatS  ajB  q.i3qq.  sjs:).ogjBt{o  ©q::).  XT^  Moqs   :>.ou  ^bui 

s:).UBxa  japxo  JO  ae3unoj^^     'padoxaAsp  Ax3:;.3X^'^oo  u99q  9A9L(  ssabqx   ^^mSxs 

o^  -tnoj  i{OTt{M  UT   sq.UBxd  o:;  Aidd3  suox^dzaos^p  &m     •susuixoads  Asp  euros 

nX   Xxqia-taptsuoo   p©3ui3i{0   eji3   soi:^.siJ8^0BjBqo  jaqq-O  puB   *q.U9xd  ©q^  jo   sssu 

-TUTqs  puB  joxoo  ©qq.   'sJXBq  ©qx      'sq.UBxd  3utaix   o^  :^s9q  pstxddB  ©jb  ©joj 

-©jeqq.  puB  sq.UBxd  3utaix  uioaj   ©pBui  ©j©m  suoTq.dTJos©p   q.u©s©jd  ©qj, 

•suxBuiaj  q.Taqc).  q.T  jo  uoTq.Jod  Au^  so  %x   :).o©xxoo 

0%  u©3iB^  ©q  pxnoqs  ©jbo  uoT:;BOijTq.u©px  ut   PT^  ©I      •s:).UBXd  ©uios  jo  ©sBq 

©qcj.  o:\.  p©qo-8::t.q.B  punoj   ©q  A^eui  p©q.BUTmj©S  §iitxp©©s   ssbj3  ©q:^  qoxqM  uiojj 

psQS   ©qj,      •suoT:vdTJ3S©p   s©TO©ds   ©qq.  ui  pspnxouT  u©©q  osxb  ©Asq  pass  ©q:). 

JO  BOx:^sTj©c).oBJBqo  ©qi     •uoxc^Boxjxcj.uspx  ux   ©ouBq.aod'>i:x   axsq:).  jo  ©sneoeq 

p©c).Ba:^snxxx  u©©q  SBq   s©xn3xx   ©q:^  Jo   ©CBqs   ©qx      •©q.nxosqB  uw\%   j©qq.BJ 

©ATq.BX©J  s©nXBA  ©qq.  sa^^BUi  Bq.Bp  jo  ©d/!:).  sxq:^  ut  uoTq.BXJQA  ©qq.  q3noqq.xB 

*U0Tq.B0tjtq.u©pt  ut  pxB  UB   SB  ©AJ9S   oq.   suoTq.dxaos©p   SQXosds   ©qq.  JO  jtuBui 

ux  TJiJOj  ©XQB^  ux  p©pnxoux  u©©q  ©abl(   sepBXq  Jb©X  SutJBeddB  "^^^^S^^^^^^i^^ 

ux    SUX9A  JO  jsquinu  pUB  qq.pxM  ©q.Bu:xxoaddB  ©qx      •sssux-cxBq  ©Axq^x^-t  puQ 

*©jnq.8q.s    '©zxs   sb  qons   sa9q.oBJBqo  q.UBxd  oq.  psqxJosB  ©q  ^bui  qoxqM  q.q3x©M 

8Axq.BX9J  9qq.  q.o©jjB  £.wi  ©ssqq.  ©ouxs    'SuxmojS  punoj   sx   q.UBxd  ©qq.  qoxq/ii. 

j©pun  suoxq.xpuoo  ©qq.  oq.  u©ax3   ©q  pxnoqs  uoxq.BJ©pxsuoo      *s©xo©ds  xjob© 

SuxSpnC  ux   suoxq.dxjos©p  ©qq.  ux  puB  A*©3i  ©qq.  ux  p©q.uas©jd  uoxq.Bnijojux  ©qq. 

IX«  JO  ©pBm  oq  pxnoqs   ©sn  q.Bqq.  >Cx3uojq.s   ooq.  p©ss9aq.s   ©q  q.ouuBO  q.i 

•bxujojxxbo  ux   S9SSBJ3  x^xiuuB  ©qq.  jo  suoxq.dxjosap  9Axq.Bq.939A  jo  3[0bx 

B  sx   ©j©qq.  ©ouxs    *j©A©Moq   "^uiaoj  q.u9s©Jid  sq.x  ut   ©sod.xnd  xi^J^sn  b  ©ajss 

PXnoiis  q.1      "^aoAi.  q.u©s©ad  ©qq.  ©AOjduix   oq.  pssn  ©q  ubo  ssssbjS  x^xiuub  ©s©qq. 

JO  iCq.xxtqBXJBA  ©qq.  uo  uoxq.BUiaojux  xx!uoxq.xppv     •sj9qq.o  9tiios  jo  uoxq.BO 

-xjxssBXo  ©qq.  ux   q.u©m©AOjduix   joj  uiooa  qj©x   P^^   ssxosds  uxBq.J90  jo  uoxq.B 

-XQ-U9J9JJXP  9qq.  p9q.u9.a©jd   'crsx   ^^o   J9Aiod   oi  JO  J9XJxu3bui  puBq  b  qq.XM  Jo 

©iC©  p©7BU  ©qq.  qq.XM  u©9S   ©q  pxvioo   q-isqq.  ©soqq.  oq.  p9q.xuitx   ©J9m  sq.UBxd  gqq. 

uo  paAjssqo   sa©q.OBaBqo  ©qq.   'z^\.\y\  q.o^j   ©qq.  puB   ^"qqiAoaS   oq.  ©np   ©soqq.  qq.XM 

p©Xdnoo   *suoxq.BtJBA  ©s©qx      -sSuOads   ©uibs   ©qq.  ux   p9AJ©sqo   sbm  ssauxaxBq 

puB   *9dBqs    '©zxs  ux   ©SuBj  ©pxM  B  puB   *s©xq.xxB00X  x^-t^^QS  ux  PX^xj  Qx^q. 

ux   p©3[09qo  ©a9M  jC©3^  i;u©s©jd  ©qq.  ux   p©pnxoux   s9X09ds   ©qq.  jo  q.so]/\| 

•q.tqBq  3uxpB9ads  puB  q.snqoj  ©joui  b  q.u9s©jd  puB 

Xx©Axsu©q.x9  J©XXT^  U©do  ©qq.  ux  3uxmoj3   suijoj  ©qq.  jo  jCubh      '■spuBq.?  usdo 

©aoui  ux  SuxmojS  ©soqq.  uBqq.  XaxBq  ss©x  u©q.jo  puB   •q.u9xnoons  ©aoui   '/IxP^T^^s 

eaoui   *a©xxi3q.  ./CxxBnsn  ©Jb  spuBq.s   ©su©p  ux  3uxMoa3  sq.uBXcI      'q-UBxd  ©x[q. 

JO  uoxss©adxo  pji3M.q.no  ©qq.  s©ou©nxjux   osxb  q.Bq.xqBq  ao   q.u©uiuojxAua 

'^sq.UBxd 

©xia  JO  xiqAvojS  jo  ©3Bq.s  ©qq.  oq.  p9q.BX9J  9JT3  Bgxq.sxa9q.oBjBqo  ©saqx     'q-JBd 

3uxdox9A3p  AiNidu  tiOB9  Ut   q.u9a©jjxp  9JB  SJX'QM  ©M^  JO  -©q.oBJBqo  ©qq.  uqa© 

puB   *es9uxaxBq  9Axq.BX9j  9qq.   *sux9A  jo  j^aqmnu  ©qq.   *sq.aBd  q.UBxd  shoxjba 

©X{q.  JO   odBqs   puB  92xs  ©ux     *i^q.xjnq.Bi[i  XTq-un  qqMQjS  jo  s93Bq.s  q.s©xxJB©   ©x(q. 

raojj  90UBaB©ddB  pjBMq.no  ux  ©3uBqo  XxXTaxiuxq.uoo  s9SSBa3   x^'^xiub  9s©qq.  q.Bq:v 

puxui  ux   jB©q  oc^  XT®^  sx   q.t    *suoxq.dxaos©p  ©qq.  puB  iCs^i  aqq.  Suxsn  ui 


The  use  of  some  technical  terms  is  unavoidable  in  referring  to  the 
parts  of  a  grass  seedling.  A  reader  not  familiar  with  the  morphology  of 
grasses  should  refer  to  a  suitable  text  for  more  detailed  drawings  and 
descriptions  than  are  given  here.  Some  of  the  essential  terms  and  parts 
of  the  grasses  referred  to  in  this  paper  are  defined  or  illustrated  below. 
A  6-  to  10-power  magnifying  lens  is  essential  for  seeing  many  of  the  finer 
characteristics  of  the  plants. 

Definitions 


Auricles 

Awn 

Blade 

Collar 


Culm 

Inner  surface 

Lemma 


Ligule 


Outer  surface 

Seed 

Sheath 


Lobes  or  claw-shaped  appendages  on  the  edges  of  the  collar. 
A  beard  or  bristle. 

The  part  of  the  leaf  that  extends  away  from  the  stem. 
The  distinct  line  or  zone  where  the  blade  and  sheath  are 

joined  together. 
The  stem,. 

The  surface  facing  the  stem« 
The  chaffy  bract  around  the  grain. 
The  porxion  of  inner  papery  lining  of  the  sheath  that 

extends  upward  past  the  base  of  the  blade. 
The  surface  facing  away  from  the  stem. 
The  lemma  and  enclosed  grain. 
The  part  of  the  leaf  that  envelops  the  stem. 


Illustrations  of  Plant  Parts  and  Terms 
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A  KEY  FOR  IDENTIFYING  SOi-ffi  II.'IPORTAITr  ANMJAL  RANGE  GMSSES 

IN  THE  livUvIATURE  STAGE 

(Applicable  to  live  plants  with  four  to  eight  leaves.  Characters  ob- 
servable with  a  6-  to  10-power  magnifying  lens;  some  are  visible  to 
the  naked  eye,) 

A.  Auricles  present,  claw-shaped,  0,5  -  1  im^«  long,.,l.  Mouse  barley 

B.  Auricles  absent,  or,  if  present,  only  lobed,  not  claw-shaped, 
1,  Plants  obviously  hairy,  hairs  sometimes  few  and  localized, 

but  readily  seen, 

a.  Sheaths  hairier  than  blades;  hairs  on  sheaths  and  blades 
not  same  kind, 

1,  Sheaths  with  long  wavy,  weak  straggly  hairs;  hairs  . 
on  blade  straighter,  shorter;  ligules  1  mm,  long, 
with  straggly  hairs  on  outer  surface,  2,  Soft  chess 
,,, •  3»   Smooth  chess 

2,  Sheaths  with  long,  slender,  straight  or  wavy  hairs; 
blades  only  sparingly  hairy;  ligules  1  -  U  mm,  long, 
with  no  hairs  on  outer  surface U*  Chilian  chess 

b.  Sheaths  not  hairier  than  blades;  hairs  on  sheaths  and 
blades  same  kind, 

1,  Blades  covered  with  fine  hairs  on  both  surfaces* 

(a)   Hairs  more  than  0,5  mm.  long;  plants  evenly  or 
unevenly  hairy,  not  grayish  from  hairs,  not 
velvety, 
(l)   Ligules  hairy  on  outer  surface 

, , .5.  Australian 

chess 


(2)   Ligules  not  hairy  on  outer  surface, 
a',  ilargin  of  ligules  fringed  with 

slender,  tapering  teeth,  the  tips 
bent  and  wavy;  plants  have  silky 
hairsi  ............... .6.   Downy  chess 

b',  Ilargin  of  ligules  saw-toothed;  the 
teeth  broad  and  triangular,  the 
tips  stiff  and  straight;  plants 
have  stiff  hairs. 
1*.   Notches  between  teeth  of 
ligules  somewhat  rounded; 
some  teeth  tapering, 

7»  Ripgut  grass 

2*,  Notches  between  teeth  of 

ligules  pointed;  the  teeth 
broad  and  triangular, 

, ,,8,  Poverty  brome 

(b)   Hairs  very  short,  less  than  0,5  nm,  long;  plants 
evenly  hairy,  grayish,  velvety, 
(1)   Ligules  0,5  -  1  mm.  long,  square  on  top, 

not  hairy  on  outer  surface,  9»  Mediterranean 

barley 
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Descriptions  of  Species^  Including  Illustrations  of  Ligules 

1.  Mouse  barley       Hordeum  murinum  L. 

Plants  hairy,  light  green;  blades  rolled  in  sheaths,  flat  when 
grown  outp  5-6  ram,  wide,  lU  -  21  veined,  with  soft  hairs  on 
, bath,  .surfaces,  sometime-s  nearly  smooth  near  base  and  on  edges; 
.  .■tips..ro.und-poin€fed;  sheaths  round,  soft  hairy; 
'  ligules  square  and  finely  toothed  on  top,  1  - 
1»5  ^fJ*  long,  not  hairy;  'collars  wedge-shaped, 
"ncjt  hairy;  auricles  clawi-shaped,  0,5-1  iwn, 
long,  developing  on  abotit  the' fourth  leaf;  lemma       / 
10  -  I4' mm."  long,  rough;  awn  about  ^  -  5  cm* 
long, "attached  to" lemma  kt  tipi  • 

''■•  i®Mj^' '  '  *    '   ■  i  '   2^   3    U   5    6    7    8 

'  '  ApproxV  no,'  -of 'veins    7 '  10   12   lii-   15   17    19   21 

Appro:it,   #idth-  ram,  25U566  66 

2,  Soft   chfess      ''   •  •'•  '■•"  Bromus   mollis      L,    (B-   hordeeceus)    (L») 

Plahts  Ha  ii'y,  'light  green;   blades   ro?  lod^j.-j   G.^iaVns,    flat  when 
grown -out,   3'"-"  5''^o  wide,    11  -  15  veined;   with  soft,    straight 
hairs  ab'out ''Ov5'n*i»    long  on  both  su-'fac=:sj' Bometimes" smooth 
for  .5---i"-'5  mm*-'.-abbve   ligule;   tips  blur.t -pointed;    ■•-.'■ 
sheaths"  rouhd)  'with  covering  of  wavy  and  strag*. 
gly, hairs   1-1,5  iran«    long;    ligules   rounded,    1 
n)iTi,    Iphgj,   with:  straggly  hairs.. on  outer   surface, 
6oarsely  toothed,   t.he  margins  "'of  teeth  finely       ''■.  r*" 

notched;    collai's  wedge-shaped,    not  hairy,    lemma     h  /^- — ■ ^-4 

8'  -10  mm-,   longj   hairy;   awn- 6  -  9  rnm,    long, 
"attached- about  1 "mm.   below  tip  of  lemma,    ■ 

leaf  nbj-       ■     •     •     '-■  '  '     .  -V-       2  3^567 

■  '^    Abprox,  no,  of  veins  -y''      5    9  '  H   12   12   I3 

■  ;  Anprox'i  width-mm,       1    1«5  2    3    5»5  U         5 

^    »i  '   1   I  I  1^  I  ■  I     mil,  I   ,  , 

3«  Smooth'  chess'- =  •'    Brbmufe  racbmosus   L« 

Has^  characteristics  bf  'soft  chess,  except  lemma- smooth  or  rough, 
/»^  '  not  hairy,'  :    "V   •,>;—■  ■  .•;;  ;  i-r  ;i  ;-;■  --  ncr" 

Urn     Chilian  ches's  -  •'  '  Bromus  trinii  Desv, 

,,. Plants  hairy,  light  green;  blades  rolled  in  sheaths,  flat  when 

i;;I«^-  grown,  Qut,  3* -' 9  Jwn,  wide,  7  *   18  vnine.d,  sparsely  hairy  near 
^^J.   edges  on  upper  surface,  under'  surface  hot  hkiry;  tips  blunt- 
'■'■'  *     pointed;  sheaths  round,  v/ith  dense" covering  of 
■  long  wavy  hairs  1-1,5  ^^»   Ion-;;;  ligu.Les  round- 
"~  ;^Q.irlted,  not  halr;j'»i  1  -  i^  *mmv  long,  the  top  with'         V^Hc 
■^  ■ '  "^mali  te'eth;  c'oliers  wig'dge-shaped,  not  hairy;   /       ^^      A 
'  '  lemr.ia  haii-y.^--  10  -  12  mirt.  long,  ■  tripped  with  two         /      \ 

•   "bristles-  '2' -  3'™'^»"  long;-  awn  1!  -  1.5  cm,  long,        /  . — ^  \ 

•'■^*- twined, 'bent  below  middle,  €ii?tached  2  or  3  "^^^ 
*■"•  '-below  tip  of  lemma,      -.  .;f.'i 

•'"'  --l-'eaf  nai  '"1   -2    3 

"•'■-'  ■■  '.   -A-TDproji,  no.  of  Vein^  '   5    5'  ■  5'' 
'  ,v  -     'Approk,.'  width  rnm-i-'-'-'  '■,  ■       1*2  -  8-I,-  '  *2 
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8.  Poverty  brome     Bromus  sterilis  L« 

Plants  hairy,  light  green;  blades  rolled  in  sKeaths,  flat  when 

grown  out,  [|.  -  6  rran,  wide,  11  -  15  veined,  with  soft  hail's j  tips 

round  to  blunt-pointed;  sheaths  With  hairs  like  those  on  blades. 

Sometimes  only  midvein  hairy;  ligules  round, 

not  hairy,  1  -  1,8  mm,  long,  with  sharp 

triangular  teeth,  the  notches  between  the 

teeth  pointed;  collars  wedge-shaped,  smooth 

on  under  surface,  with  minute  hairs  on  upper        /       \ 

surface  above  ligule;  lemma  rough,  1«7  -  2*0        L^  """Ni 

cm,  long;  awn  2-3  °ni»  long^  attached  to 

lemma  1-2  mm,   below  tip. 

Leaf  no,  ^12  5^567 

Approx,   no.    of  veins        5         9       10        11        12       I3       I5 
Approx.  width  mm,        1,5-2,5  3  3^556 

9,  Mediterranean  barley         Hordeum  gussoneanum     Pari, 

Plants  hairy,   gray  green;   blades   rolled   in  sheaths  and   flat 
when  grown  out,    2-3  "im*  wide,   9-13  veined,  with  dense   even 
growth  of  short  hairs   on  both  surfaces   and   edges  to  very  base, 
velvety,    tips  blunt-pointed;    sheaths   round, 
with  dense  uneven  growth  of  short  hairs; 

ligules  0,5  -  1  mm.    long,   not  hairy,    square  ,^,J*/M>n<^^M^^***^ 

with   small    sharp  teeth  on  top;      collars  wedge-  I  \ 

shaped,    smooth  or  with  minute  hairs;    lemma  | 

smooth,   5  inrn»    long;    awn  6-10  mm,    long,   at-  ^' 

tached  to    lemma  at   tip. 

Leaf  no.  12  3^56? 

Approx 9   no.   of  veins        5         5         7         9        10        11        I3 
Approxrividth  mm,  1,5     1.5     1»8     2         2*8      3         3 

10.      Red  brome  Bromus  rubens     L, 

Plants  hairy,    gray" green;   blades   rolled   in  sheaths,    flat  when 

grown  out,    3  -  ^  nim»   wide,   9-13  veined;   blades  with  dense, 

even  grovrt:h  of  short  hairs   on  both  surfaces   and  edg:es  to  very 

base,  velvet^/-,   tips   abrupt-pointed;    sheaths 

round,   hairs   like  on  blades;    ligules   sparsely 

hairy  on  outer  surface,   round-pointed,    1-3 

mm,    long,   with  small   sharp  teeth;    collars 

wedge-shaped,   not  hairy;    lemma  rough  or  hairy, 

12  -  16  mm,    long;   awn  16-20  mm,    long* 

Leaf  no,  12  3i;5  678 

Approx.    no,    of  veins      3-5        5  7  9        10        11        11      13 

Approx,   width  mmo  1*52         2  3  3  3       5»5     5*' 
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15.  Nitgrass 


Gastridium  ventricosum  (Gouan)  Schinz,  and  Thell 


16. 


Plants  not  hairy,  pale  gray  green;  blades  rolled  in  sheaths,  tend- 
ing to  be  keeled  when  grown  out,  3-7  mm,  wide,  11  -  21  veined, 
rough  on  both  surfaces  and  edges,  tips  pointed; 
sheaths  round,  margins  conspicuous,  papery; 
ligules  square  on  top,  2  "  U    mm.  long>  with 
vertical  green  veins,  rough  on  outer  surface; 
top  cleft  into  several  narrow  tapering  teeth; 
collars  wedge-shaped;  lemnua  globe-shaped,  about 
1  mm.  long,  hairy  at  top;  awn  5  Mni.  long,  bent 
near  middle* 


Leaf  no*              1 
Approx.  no.  of  veins   3 

Approx.  width  mm.      0.5 

2 

5 
1 

3 

7 
2 

U 

11 

3 

5 
13 

14 

6 

15 

5 

7 

19 

6 

8 

21* 

7 

Slender  oat       Avena  barbata 

Brot, 

Plants  not  hairy,  light  gray  green;  blades  rolled  in  sheaths, 

flat  when  grovm  out,  3-5  mm.  wide,  13  -  25  veined,  marked  with 

small  white  oblong  specks  on  both  surfaces,  upper  surface  smooth 

or  rough,  under  surface  smooth  and  shiny,  tips 

pointed;  sheaths  round;  ligules  round  to  square, 

2-5  nim.  long,,  rough  on  outer  surface,  finely 

toothed  on  top, -vertical  veins  evident  but  not 

green;  collars  wedge-shaped;  lemma  12  -  ll|.  mm, 

long  with  conspicuous,  long,,  stiff  hairs;  apex 

ending  in  two  fine  bristles  U  mm,  long;  avm 

3  -  3*5  c^»  long,  bent  and  twisted  below  middle* 

Leaf  no.  1    2 

Approx.  no.  of  veins   5-9  12 

Approx.  width  mm»    1.5-2  2 


3 

U 

5 

6 

7 

8 

15 

15 

15 

17 

19 

25 

2 

3 

5 

k 

5 

5 

17,  Pacific  fescue    Festuce  pacifica  Piper 

Has  characteristics  of  F.  megalura  except:  collars  thickened, 
edges  extending  upward  about  1  mm.  on  margins  of  blades;  blades 
extend  at  an  angle  of  1+5°  or  more  from  stem;  lemma  smooth  or 
slightly  rough,  1;  -  5  nim.  long;  awn  8-12  mm* 
long,  attached  to  tip  of  lemma* 

18.   Foxtail  fescue    Festuca  megalura  Nutt. 

Plants  not  hairy,  dark  green;  blades  folded  in  sheaths,  flat  when 
grown  out,  1  -  1,6  ncn,   v;ide,  5-9  veined,  smooth,  shiny  on  under 
surface,  sometimes  with  fine  hairs  on  upper  surface,  tips  abrupt- 
pointed;  sheaths  angular;  ligules  square  on  top, 
0,2  -  0,14.  mm,  long,  not  hairy,  teeth  small  and 
widely  spaced;  collar  a  narrow  band,  margins 
often  bulging;  lemma  rough  on  back,  5-6  mm, 
long;  awn  8  -  I5  mm,  long,  attached  to  lemma 
at  tip, 

19»   Rat-tail  fescue   Festuca  myuros  L, 
Has  characteristics  of  F,  megalura. 
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A  SITE  CLASSIFICATION  FOR  THE  MIXED-CONIFER  SELECTION  FORES TS 

OF  THE  SIERRA  NEVADA. 

INTRODUCTION 

Purpose 

The  site- class  curves  presented  here  as  figure  1  for  the  irregular 
pine- fir  forests  of  California  were  first  prepared  in  connection  with  a 
yield-predicting  procedure  (1)^  developed  in  1953.   The  original  curves 
were  designed  principally  for  administrative  use  of  the  Forest  Service  in 
Region  5.  Since  they  have  nov;  come  to  be  accepted  by  other  agencies  and 
for  general  purposes,  this  research  note  has  been  prepared  to  make  the 
curves  more  readily  available  and  to  describe  their  peculiar  features 
sufficiently  to  enable  correct  application.   It  is  hoped  that  this  action 
may  contribute  to  the  establishment  of  a  single  criterion  of  sii  e  for  the 
region  as  nearly  as  possible  like  that  most  commonly  used  in  volume  sur- 
veys, grov/th  forecasting,  and  other  forestry  work« 

Basis 

The  height- age  relationship  here  used  as  a  basis  for  site  classi- 
fication, although  widely  accepted,  is  subject  to  numerous  variations  in 
practice.   Adoption  of  standard  methods  of  classifying  forest  sites  was 
recommended  in  1923  by  a  committee  of  the  Society  of  American  Foresters 
(2)  under  the  chairmanship  of  Wo  N.  Sparhawk,  but  this  admonition  has 
been  rather  generally  ignored.  Methods  will  probably  never  become  widely 
standardized.  Uniformity  between  regions  having  species  in  common,  though 
much  to  be  desired,  appears  to  be  impracticable o  Within  this  region, 
where  interdependent  volume,  taper,  and  yield  tables  are  employed,  a  con- 
stant routine  is  necessary  to  prevent  discrepancies  between  cruises,  ap- 
praisals, and  working  plans. 

Earlier  Classifications 

It  is  natural  to  inquire  whether  any  site  classification  scheme 
already  existed  that  might  be  acceptable.   At  least  7  site  classifica- 
tions had  been  developed  for  species  in  the  territory  prior  to  1933,  and 
there  are  nov/  about  12,  in  addition  to  the  present  one.  Most  of  these 
classifications  are  useful  under  special  conditions  rather  th.an  for  the 
region  as  a  whole.   All  but  one  divide  the  territory  according  to  scales 
based  on  the  height  of  a  single  species,  usually  growing  in  young,  even- 
aged  stands o   The  single  exception  (3)  for  mixtures  is  limited  to  young, 
even-aged  stands. 


\/   Numbers  in  parentheses  refer  to  Literature  Cited,  p.  20 
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Of  the  old  grovvth  st^^ndards,  only  one  has  been  used  to  such  an 
extent  as  to  affect  a  substantial  body  of  records  and  plans.   This  scheme 
probably  originated  with  Bruce"  s  f4}  propo-sied  classification  for  white 
fir  voiamH  tables.   Modifications  in  use  by  the  Forest  Service  adapted 
th'^  scale  to  other  species,   Following  the  introduction  of  the  site 
class  volume  table  by  Bruce  in  1921,  many  forestry  records  came  to  be 
grouped  by  site  class.   In  the  present  instance,  the  aim  has  been  to 
avoid  invalidating  these  expensive  volume  and  yield  tables,  working 
plans,  and  other  records  by  retaining  the  essential  features  of  the  tv/o 
existing  old  growth  and  ;  oung  growth  classifications  for  mixed  stands. 

The  Proposed  Classification  in  Brief 

The  curves  define  the  midlines  of  six  site  class  zones;  are  har- 
monized to  int<^-rr:ept  25  foot  intervals  in  a  height  range  of  75  to  200 
feet  at,  a  reference  age  of  300  years;  and  are  based  on  20-  year  age  -class 
averag-s  in  the  total  height  of  dominant  trees  of  one  or  more  of  the 
species  sugar  pine  fPinus  lambertiana) ,  ponderosa  pine  (P.  ponderosa) , 
Douglas  fir  ( P s eudo t suga  taxifp_lia)  ,  and  white  fir  (Abies  concolor)  . 

FIELD  AND  OFFICE  PROCEDURE 

Data 

Records  collected  for  other  purposes  were  used  as  the  basis  for 
the  site  class  curves.  Naturally  these  measurements  are  not  an  ideal 
sample  of  the  wide  range  of  conditions  in  the  California  pine  region. 
From  numerous  data  collected  between  1902  and  1929,  those  groups  have 
been  selected  that  seemed  most  representative  of  the  site  range  in  the 
commercial  timbei'  belt,  giving  greatest  v/eight  to  the  measurements  on 
which  our  principal  volume  and  yield  tables  are  based. 

Second  growth 

Th'^  principal  s-=cond  growth  measurements  came  from  220  sample 
plots  taken  for  the  1935  y^eld  tablf^s  in   mixed,  even  aged  stands. 
These  plots  were  small,  av-^raging  about  on-^  f:!fth  of  an  acre  in  area. 
They  represented  stands  of  the  thr'=:^e  upp^-r  site  classes  with  ages 
ranging  from  4C  to  12b  years.   Ninety'  perc-^nt  of  the  plots  were  less 
bha.  80  years  old.   Th"  stands  vv^re  characteristic  of  the  better  por 
tions  of  the  western  slope  of  the  Sierra,  the  majority  being  located 
m  zhe   Feather  and  Yub-i  River  drainages.   Types  represented  six  of  the 
commonly  ccc.irring  mixtur^-s  of  ponderosa  pine,  sugar  pine,  Douglas  fir, 
whit!^  fir,  red  fir  (AJ)ies  magnify ca )  ,  and  incense  cedar  (Libocedrus 
decurrens'i  . 

Old  growth 

Reliance  was  placed  mainly  on  the  old  growth  or  virgin  forest 
records  included  m  the  seven  groups  described  in  table  1. 


Table  1 ,  Old  growth  data  used  in  preparirip;  site  class 
curves  of  figure  1 . 


Site  :  Trees; 


Species 


Location 


Date 


247  Ponderosa  pine, sugar  pine,  Cow  Creek,  Stanislaus   1924 
white  fir  N.F. 

535  Ponderosa  pine, sugar  pine.  Shearing  Cr,,    "      1929 
white  fir  N*F. 


II 


519  Sugar  pine,  white  fir      Granite  Basin,  Plumas   1924 

N„F, 


II  III    288  Ponderosa  pine, sugar  pine,  Massack,  Plumas  N.F.    1912 
Douglas  fir,  white  fir 

?  / 
III      759  Ponderosa  pine, Jeffrey  pine  Westwood'  , Lassen     1913 

N,F. 


Ill  IV 

IV 


138  Ponderosa  pine 


Lasco,  Lassen  N„F.    1925 


561   Ponderosa  pine,  Jeffrey     Lemon  Canyon,  Tahoe   1924 
pine,  white  fir  N.F.. 


Three  of  these  groups  of  measurements 
'2/   and  Lemon  Canvon 


those  from  Cow  Creek, 
Westwood'^''  .  ynd  Lemon  Canyon    are  of  special  interest  because  they 
defined  the  three  principal  guide  curves  for  the  system 


2/  Made  available  by  W  B^  Pratt,  State  Forester  of  California,, 


The  groups  of  old  growth  tree  measurements  came  from  areas  dif 
fering  considerably  in  size,  suggesting  the  possibility  of  greater  site 
variation  within  some  groups  than  others.  Most  of  the  field  notes  give 
locations  only  to  the  nearest  land  section,  whereas  distribution  of 
the  trees  m^^.y  have  been  limited  to  tracts  as  small  as  quarter  sections 
or  even  40  acres.   To  be  remembered  also  is  the  tendency  for  sugar  pine 
and  white  fir  to  predominate  on  northerly  slopes  and  bottoms,  whereas 
ponderosa  pine  would  be  encountered  more  frequently  on  the  comparatively 
poorer  southerly  slopes  and  ridges.  Of  the  species  considered  here,  all 
four  were  present  in  only  one  group.   Ponderosa  pine  was  best  represent 
ed  in  number  of  trees.   Few  records  were  available  for  the  best  and  the 
poorest  site  classes.   Personal  knowledge  of  tlie  seve.ral  localities  and 
the  records  leads  me  to  believe  that  none  of  the  chosen  groups  embraces 
a  range  of  Az-ariations  in  excess  of  the  regional  concept  of  a  site  class. 


•Net-hods 

?i^4  TTieasurements 

The  old  growth  trees  were  measured  as  felled  in  logging.  Trees 
with  abnormal  tops  or  incomplete  height  records  were  rejected.  Ages 
were  determined  from  ring  counts  made  on  the  stiimps,  with  the  uniform 
addition  of  7  years  as  an  allowance  for  time  to  reach  stump  height. 
This  uniform  allowance  seemed  justified  by  stem  analyses  indicating 
that  truly  dominant  seedlings  vary  but  little  with  site  in  the  time 
required  to  r---?uch  stump  height.   In  preparing  the  guide  curves,  tree 
measurements  were  rejected  where  stump  rot  or  fire  scars  necessitated 
additions  of  more  than  5  years  to  the  number  of  rings  visible.   The 
trees  ranged  m  age  from  7  4  to  660  years,  but  only  about  6  percent  of 
the  5,047  used  were  less  than  100  years  old.   The  form  of  the  curves 
for  young  trees  offered  the  most  difficulty,  and  nujnerous  supplementary 
measurements  from  permanent  sample  plots  and  other  sources  were  used 
to  aid  in  reaching  decisions. 

Construe  tion  _of  c_urA'-es 

In  constructing  the  system,  the  uppermost  curve  was  derived 
from  the  guide  curve  for  Site  I  by  anamorphosis  ^  5 ''  ..   For  Site  II, 
several  groups  of  data  produced  widely  differing  curves.   The  final 
curve  for  Site  11  :s  a  free  hand  compromise  between  the  two  slightly 
differing  curves  derived  by  anamorphosis  from  the  Site  T  and  Site 
III  guide  curves.   The  Site  V  curve  was  derived  from  the  guide  curve 
for  Site  lU. 


Choice  of  the  Site  Scale 


Si_te  range 


Choice  of  the  site  range  for  the  region  was  necessarily  a 
somewhat  arbitrary  procedure  based  on  practices  already  proved  to  be 
convenient  and  useful,  but  probable  future  requirements  were  not 
completely  ignored   The  prevailing  concept  of  site  range  has  been 
strongly  influenced  by  cutting  practices  in  old  growth  stands  on 
national  forest  lands  since  about  1906,,   The  best  sites,  however, 
are  ir;  private  ownership,  and  the  ve-ry  cream  of  the  private  old 
growth  timber  doubtless  was  logged  prior  to  1906.  More  recent 
studies  of  yield  and  measurements  of  piling  in  second  growth  that 
followed  logging  between  1860  and  1880  show  clearly  that  there  is 
much  forest  land  better  than  that  we  now  designate  as  Site  I.   In 
creasing  activity  m  these  second  growth  areas,  as  well  as  greater 
interest  in  forest  practices  in  the  better  private  old  growth, 
makes  it  desirable  to  start  the  site  scale  at  a  higher  level  than 
the  present  standard,  175  feet  at  300  years,.   A  fairly  definite 
reference  point  at  the  top  of  the  range  is  the  maximum  height  thus 
far  measured    246  feet  for  sugar  pine,   The  average  for  the 
upper  limit  should  be  placed  enough  lower  than  this  absolute  maxi 
mum  to  insure  inclusion  of  a  reasonable  portion  of  the  territory  in 


the  first  class.   This  average  has  been  set  at  200  feet  at  300  years. 
A  new  site  class  thus  is  introduced.   At  the  lower  extreme  the  gen 
erally  accepted  poorest  site  limit  of  70  to  80  feet  for  com.mercial 
timber  seems  to  be  about  right.   The  average  for  the  lowest  class, 
therefore,  has  been  left  at  75  feet.. 

Number  and  size  of  classes 

Classes  previously  used»   The  number  and  size  of  the  classes 
into  which  the  site  range  is  divided  also  reflect  deference  to  local 
ly  established  practices.   In  the  first  working  plan  for  the  region, 
Harrington  Moore  (6),  in  1913,  considered  only  thcee  site  classes 
necessary  for  the  Flumas  V/orking  Circle,   Show  (7),  in  1925,  for  the 
Eastern  Lassen  Working  Circle,  recognized  five  sites  defj_ned  by  20 
foot  intervals  in  a  range  of  70  to  170  feet  in  the  maximum  height  of 
old-  growth  ponderosa  pine.   In  more  recent  yield  tables  for  second 
growth,  as  many  as  10  site  index  classes  are  recognized,  usually  based 
on  10  foot  height  intervals  at  50  or  100  years.   In  national  forest 
timber  m^magement,  five  site  classes,  based  on  25  foot  intervals, 
have  become  rather  firmly  established,  perhaps  because  seven  of  a 
proposed  regional  series  of  volume  tables  (8)  prepared  between  1921 
and  1925  were  related  to  this  scale. 

Effects  on  existing  site  cla^_s_  volume  tables.   The  relation 
between  tree  form  and  site,  which  suggested  the  site  class  volume 
tables,  is  not  as  simple  and  direct  as  expected.   Partly  for  this 
reason,  tables  for  the  poorer  site  classes  were  never  constructed 
to  complete  the  regional  seri.es,  but  a  new  ser:ies,  range  wide  in 
scope,  was  constructed  in  1928,  under  Bruce  s  direction,  for  ponderosa 
pj.ne.   The  site  range  in  this  series  was  divided  on  the  basis  of  mer 
chantable  length  in  16  foot  logs.   Unfortunately,  the  intervals  were 
net  readily  adapted  to  local  work,  and  the  new  tables  for  the  better 
sjtes  were  not  generally  accepted,,  the  local  ones  continuing  in  use.. 
The  need  of  tables  for  the  poorer  site  classes  gradually  became 
critical  and,  as  an  expedient,  the  Site  IV  and  Site  V  ponderosa  pine 
tables  of  the  1928  range  wide  series  were  adopted  for  local  Forest 
Service  timber  surveys  (9)., 

Range  wide  site  class  volume  tables  also  were  prepared  for 
Douglas  fir  by  Meyer  (10)  in  1932,   No  consistent  relation  between 
form  and  site  was  apparent  in  the  extensive  Douglas  fir  records, 
which  included  some  7,000  trees  froFt  85  locations.   As  a  consequence, 
Meyer  made  separate  tables  for  only  two  divisions  of  the  Douglas  fir 
range    the  Cascade  Range  and  the  coast  region  of  the  Pacific  North 
west,  combining  Sites  I,  II,  and  III;  and  the  more  inland  distribu 
tion  of  the  Sierra  Nevada,  the  Blue  Mountains,  and  the  RoclQr  Moun 
tains,  embracing  Sites  TV,  V,  and  VI.   The  California  records  all 
fell  in  Site  IV.   The  site  class  scale  in  this  case  was  the  one 
previously  used  by  McArdle  and  Meyer  (11)  for  second  growth  Douglas 
fir    30  foot  intervals  in  the  average  height  of  the  dominant  and 
codominant  trees  at  100  years.   This  scale,  also,  was  at  variance 


with  California  custom,  and  local  practitioners  continued  to  use  an 
earlier  favorite,  a  general  California  toble  constructed  in  1911. 

Use  of  one  table  for  all  sites  also  remains  the  rule  for  old- 
growth  incense  cedar,  red  fir,  and  some  other  species.   Adding  to  the 
confusion,  numerous  tables  have  been  prepared  and  used  for  second- 
growth  of  all  species  without  reference  to  site.   There  are  in  the 
region  approximately  90  volume  tables  for  various  species,  age  classes, 
products,  and  standards  of  utilization  that  are  still  considered  of 
some  utility.   Also,  there  are  numerous  taper  tables,  some  prepared 
without  regard  for  volume  tables  derived  from  trie  same  m.easurements , 
so  that  volumes  calculated  from  the  tapers  differ  from  the  volumes 
computed  from  the  tables. 

The  confusion  prevailing  in  the  volume  table  situation  is  a 
natural  consequence  of  much  uncoordinated  work  b^'"  numerous  persons 
and  agencies.  Work  on  volume  tables,  even  though  uncorrelated,  prob- 
ably will  continue,  one  reason  being  that  appraisal  methods  require 
more  properly  related  volume  and  taper  tables.   The  attainment  of  some 
semblance  of  order  is  a  remote  possibility  contingent  on  support  for 
a  comprehensive  fundamental  study  of  tree  form.  Until  general  revi- 
sions based  on  some  unity  of  principle  can  be  undertaken,  further  con- 
fusion will  be  avoided  hj   maintaining  the  present  site- class  scale. 

Relation  to  yield;  even- aged  stands.  Yield  and  growth  pro- 
perly should  determine  the  site  scale.  The  presumed  form-site  rela- 
tion was  able  to  usurp  this  prerogative  because,  until  recently, 
yield  tables  were  based  on  young  even- aged,  normal  stands.  There 
being  little  of  such  timber  in  California,  and  only  minor  use  of 
what  exists,  the  tables  and  site  scales  received  little  attention. 
Growth  records  are  now  available  for  the  more  characteristic  under- 
stocked forests  with  great  range  in  composition  and  age. 

Relation  to  growth;  selection  stands.  Records  in  such  stands 
covering  a  period  of  20  years  show  the  usual  strong  correlation  be- 
tween annual  growth  in  board  feet  and  site  quality,  amply  justify- 
ing distinction  of  several  site  classes.  By  ciiance,  these  records 
support  retaining  the  size  of  the  classes  already  used  in  connection 
with  volume  tables,  for  they  show  that  differences  in  growth  are  not 
significant  for  intervals  smaller  than  25  feet  at  300  years.  The 
growth  records  for  selection  stands  obviously  do  not  cover  the  entire 
site  range,  and  it  has  been  necessary  to  rely  on  the  more  comprehensive 
height  data  in  fixing  the  niimber  of  classes  at  six. 

Relation  between  young-  and  old-growth  scales 

The  possibility  of  easy  cross-reference  between  young-  and 
old- growth  sites  is  an  important  consideration  in  selecting  a  site- 
class  scale.  Unfortunately,  the  curves  of  a  site- class  system  are 
not  so  simply  related  as  to  permit  direct  reference  by  graduated 
intervals  from  one  index  age  to  another.   The  difficulties,  as 
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encountered  in  young  plantations,  were  discussed  by  Bull  (12)  in 
1951.   The  present  curves,  adjusted  to  a  constant  interval  of  25 
feet  at  300  years,  intercept  intervals  varying  from  16  to  21  feet 
at  100  years,  and  10  to  17  feet  at  50  years.   Conversely,  if  ad 
justment  is  made  to  the  most  commonly  accepted  interval  of  10 
feet  at  50  or  100  years,  the  intercepts  vary  at  maturity. 

Perhaps  a  desirable  ultimate  solution  of  the  difficulty 
would  be  to  abandon  the  equal  interval.   Presumably  the  most  log! 
cal  objective  of  site  distinction  is  to  group  lands  into  equal 
classes  of  yield  capacity,   Sparhawk's  committee  recommended  equal 
subdivisions  of  the  mean  annual  growth  range  at  age  of  culmination. 
Usually  this  would  mean  letting  the  height  intervals  vary.   The 
prevailing  prac  +  ice  of  grouping  yield  plots  according  to  a  uniform, 
height  scale  imposes  unequal  differences  in  tabular  yields  for 
even  aged  stands.   In  such  stands,  a  given  increase  in  site  index 
is  accompanied  by  a  greater  increase  in  yield  near  the  mdddle  of 
the  range  than  in  either  the  upper  or  lower  portions.   In  our  mixed 
s-^iection  stands,  however,  periodic  annual  growth  in  boai'd  feet  per 
a':'re  fortunately  does  show  an  essentially  straight  line  progression 
wj  r,}-  change  in  site,  a  circumstance  admitting  equal  intercepts  for 
both  growth  and  height  scales ► 

Si te  cla s s_y e r s us  sit^  index 

The  ten^dency  to  favor  equal  height  intervals  probably  is  a 
consequence  of  adhering  to  the  principle  of  the  site  index  in 
pr'-ference  to  the  site  class.   Equal  spacing  of  the  curves  simpli- 
fies reading  a  site-  index  scale  in  feet.  But  acceptance  of  the 
index  principle  tacitly  invites  site  distinctions  to  the  nearest 
foot  with  the  implication  that  such  fine  subdivisions  are  practJc-al 
and  useful.   At  best,  site  determination  by  height  indicators  is 
the  result  of  a  series  of  approximations  based  on  personal  judg 
m.ent,  and  neither  great  accuracy  nor  consisterr^y  is  to  b':-  expe'"'t"ed. 
Although  small  differences  in  aA7-.-^rage  height,  r-an  be  detected  by  in 
creasing  the  intensity  of  sampling,  the  greater-  ''ost  involved  is 
not  justified  by  a  comm-nsiraoe  g-iin  in  ac -ura -y  of  the  growth 
forecasts,  for  thf=  r^^ason  that  height  index  explains  only  18  per 
cpj't  of  th-^  vai'iaricn  in  growth  ir-  these  selctiion  stands.   For 
most  prf=>sent  day  forestry  purposes,  classes  coryespcnding  to  about 
10  fe^^t  at  50  years.  15  t\^-e'.   at  100  years,  and  25  feet  at  300  years 
may  be  small  .->aough.   The  scale  pr'oposed  here  probably  comes  as 
near  as  can  be  expected  to  providing  such  classes. 

Reasons  for  the  300  year  reference  ^ge 

Disadv-antages  of  tallest  tenth  as  reference.   The  index  ag^ 
of  300  years  has  been  adopted  for  a  number  of  reasons.   The  former 
criterion  for  old  growth  was  th^;^  aA^erage  height  of  the  tallest  10 
percent  of  any  trees  measured.   This  was  based  on  the  assumptions 
that  ih :■  trnes  of  the  upper  tenth  would  be  dominants;  that  they 
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would  be  mature,  ox-  oeyond  the  age  of  appreciable  height  growth;  that 
10  percent  would  be  enough  for  a  good  average;  and  that  the  upper  tenth 
would  b^  a  fair  sample-   Experience  has  brought  out  the  need  for  a  more 
discriminating  selection  of  dominants,  notably  for  culled  or  cut  over 
stards,.   Also,  the  tailer  trees  automatically  selected  varied  in  age 
from  about  200  to  ove-  600  years,  and  in  this  age  range  the  height  in 
crease  is  enough  to  cause  errors  of  a  site  class.   As  to  reliability 
of  the  sample  average,  10  percent  of  whatever  number  of  trees  happened 
to  be  available  might  be  enough,  too  few,  or  too  many,  with  accord 
ingly  undesirable  /ariation  in  the  reliability  of  the  site  determina 
tions.   Finally,  selection  of  the  upper  tenth  always  results  in  olas 
s^fying  the  sit'-  too  high  because  the  sample  includes  only  the  excep 
tional  Ivees  growing  in  the  most  favorable  situations    lower  slopes, 
flats,  and  depressions    not  representative  of  the  entire  tract. 
The  tallest  tenth  criterion,  therefore,  was  abandoned  in  favor  of  the  . 
average  dominant  of  determined  gge. 

Curv^  pos_ition__shifted  to  middle  of  zone.  While  making  this 
change,  it  was  important  to  retain  the  familiar  concept  of  the  site 
classes  ard  to  avoid  revising  volujne  and  other  tables.   When  age 
height  curves  were  drawn  for  the  dominant  trees  on  which  the  volume 
tables  are  b^sed.  it  was  found  that  these  curves  intercepted  approxl 
matejy  th^-  re -ognized  site  class  I'.mits  of  75,  ICO,       175  feet  at 
abcut  500  years.   Ccmp'^rati  v^:.3  minor  changes  were  necessary  to  ad 
iust  th^-'set  of  curves  to  these  intercepts  exactly.   It  should  be 
noted  that  tb^  change  ir.  reference  from  the  tallest  tenth  to  average 
h-ight  at  500  years  resulted  in  shifting  the  averages  for  the  site 
class  /or.es  a  naif  class  down^vard.   Thus,  Site  II,  instead  of  lying 
between  ISO  and  175  fp-^et  at  maxjmum  age,  with  average  about  162,  now 
lies  between  J.57  and  J  62  at  500  years,  with  average  about  150  fept. 

Mature  dominants  less  variable  than  young..   The  500  year  refer 
encf^  age  also  w^s  favored  because  of  the  fact  that  height  age  curves 
ar-,  extremely  variabi-  in  form  through  the  early  age  classes'  including 
5C  and  iOO  years.   Dominant  trees  of  50  or  100  years  that  have' grown 
'.rder  optimum  stocking  are  much  nearer  their  predestined  ultimate 
hei;j-ht  than  tbose  that  have  experienced  more  competition.   The  upper 
Site  index  curves  den  -'■ed  exclusivpiy  from  young  dominant  trees,  es 
P'^cially  f'-orn  evor,  -3g^d  optimum  stands  commonly  chosen  for  yield 
tables,  apparently  show  absurd  trends  towards  impossible  heights  at 
older  ag-^s.   Certain  groups  of  tre=>s  in  the  present  data  that  fall 
in  --i    sirgl"  sMe  class  on  the  basis  of  dominant  heights  at  500  years 
or  old^^r  jvr-ujd  Fall  in  tbr'--e  sites  en  the  basis  of  the  100  year 
di-^mlnants  and  in-  four  sites  with  reference  to  the  50  year  dominants. 
Comparisons  of  the  height  deviations  by  age  classes  show  that^  the 
'■Ny'^\\\-'.i   group  variatior  is  nc  greater  for  the  younger  than  for  the 
old-c  iom'natts.,   Th«  inconsistencies  could  result  from  inclusion 
of  more  than  one  site  ci^ss  in  a  group  with  the  age  class  distribu 
ticn  restricted  by  sit"    a  ven,'  improbable  coincidence  not  sup 
ported  by  observation,  as  mentioned  before.   The  vagaries  in  form,  of 
the  lower  S'/ctions  of  th'^^  curves  apparently  reflect  between  group 
variaticn  it,  stocking  and  competition.   In  the  j.imited  instances 


where  yield  tables  for  even  aged  stands  can  be  applied,  the  special 
site  index  cur^^es  on  which  the  tables  are  based  shoutd  be  followed 
w  thcut  attemp-  ng  to  translate  one  scale  into  another,.   In  the  more 
frequently  encountered  irregular  stands,  the  choice  of  older  trees 
near  the  300  year  reference  age  should  avoid  the  larger,  between 
group  variations. 

Disadvantages  of  high  ref eren_ce_agg_canj3e  overcome.   Disad 
Amrtages  of  the  higher  reference  age  are  the  scarcity  of  well  formed 
older  d^minarts,  esp<^cially  in  cut  over  stands,  with  the  cha-  ces  in 
fa-'or  of  their  becoming  even  fewer,  and  the  difficulties  of  deter- 
mining tlie  ages  of  large  trees.   Although  selecting  sample  f-.rees  near 
th-^  300  year  age  class  where  possible  will  result  in  classifying  sites 
mos '  near^ly  in  harmony  with  present  concepts,  where  only  younger 
dommarits  are  available,  no  greate.r  errors  should  result  in  selection 
stands  frcm  use  of  these  curves  than  from  curves  referenced  tc  50  or 
If'O  :,  eaj.  3   As  old  growth  declines  in  importance,  concepts  of  site 
doubtless  will  change  under  the  influence  of  increasing  familiarity 
with  yields  at  the  lower  rotations,  whereupon  currently  used  tables, 
as  well  as  site  graphs  may  be  abandoned , 

Where  practicable,  the  site  class  should  be  determined  whilp 
felling  is  in  progress  so  that  age  counts  on  the  stumps  and  the  cor 
responding  height  measurements  on  the  larger  trees  can  be  made  without 
having  to  use  either  the  increment  borer  or  the  hypsometer,   A  land 
subdi  "ision  record  of  all  site  determ.inations,  perhaps  on  a  key  map,, 
would  prevent  discrepancies  arising  from  the  personal  ^Aarlable  or 
cutting  and  other  stand  changes  and  would  insure  constancy  of  the  old 
growth  datum. 

Desi^gnations  validate  existing  titles 

The  designations  decided  upon  for  the  site  classes  require  ex  ■ 
planation.   Consistency  in  the  endeavor  to  avoid  confusion  with  res 
pect  to  existing  tables  and  records  requires  that  titles  and  te.rminol 
ogy   be  maintained  in  effect-.   The  newly  introduced  highest  site  class, 
therefore,  has  been  designated  ''Site  A"  in  order  to  retain  the  present 
significance  of  Sites  T,  IT,       V ,   Both  the  Roman  r.umerals  and 
the  average  heights  corresponding  to  the  classes  have  com^^  into  ■  ommcn 
use.   Since  neither  one  alone  is  sufficiently  descriptive,  it  is  sug 
gested  that  both  be  included.   Thus,  from  best  to  poorest,  th-'  classes 
become  Site  A  200,  Site  I  175,       Site  V  75.   Sample  averages  should 
not  be  reported  to  the  nearest  foot  but  should  be  given  the  site  desig 
nation  of  the  curve  nearest  along  the  ordinate  for  the  age,  diff eren',es 
of  less  than  half  a  site  class  being  ignored  m  application, 

APPLICATION 

The  characteristics  of  the  data  and  the  methods  cf  construction 
as  described  above  should  be  relied  upon  mainly  as  a  guide  to  applica 
tion  of  the  curves.   Something  additional  needs  to  be  said  respecting 
limitations  of  territory,  types,  stands,  and  sampling  procedur^^. 


Territory  Covered 

Although  these  curves  are  founded  mainly  on  trees  that  grew  on 
the  west  slope  of  the  Sierra  Nevada,  they  should  be  applicable  to  other 
sections  of  the  so-  called  pine  region  such  as  the  east  slope  of  the 
Sierra;  the  V/arner  Mountains;  the  volcanic  plateau  in  northeastern 
California;  the  Cascade  System  south  of  the  California  border;  and  the 
northern  inner  Coast  Ranges.   The  humid  coastal  redwood  region  and  the 
boreal  spruce- fir  types  of  the  northwest  coast  contain  Douglas  fir,  but 
the  trees  there  grow  on  a  grand  scale  not  matched  on  sites  of  the  interi- 
or. 

Forest  Types 

In  applying  this  site  classification  the  term  "mixed  conifer" 
in  the  title  is  to  be  interpreted  freely  to  include  the  multiple  com- 
binations of  ponderosa  pine,  Jeffrey  pine  (Pinus  jeffreyi) ,  sugar  pine, 
white  fir,  Douglas  fir,  and  incense  cedar,  and  the  limited,  nearly 
pure  stands  formed  by  some  of  these  species. 

Character  of  Stands  ■ 

Selection  and  even  aged 

The  curves  are  intended  primarily  for  the  so-called  selection 
stands  wherein  the  age  classes  are  usually  represented  by  tree  groups 
of  varying  size.  For  extensive  general  surveys  and  comparisons  they 
should  be  suitable  also  for  the  even- aged  stands  encountered.  True 
even- aged  stands  are  comparatively  rare  and  are  usually  of  small  ex- 
tent. For  the  more  important  of  these  exceptional  stands,  special 
yield,  volume,  and  site- index  tables  are  available  and  should  be  used. 

Cut- over  stands 

Some  rather  meager  records  support  the  belief  that  curves  based 
on  dominants  reserved  after  light  or  moderate  cuttings  will  have  the 
same  form  and  will  yield  the  same  site-class  values  as  curves  based  on 
the  original  stand.  This  apparently  is  not  true  where  cutting  was 
heavy  and  the  reserve  is  less  than  20  percent  of  the  original  volume. 

Density  of  stocking 

Density  of  stocking  in  relation  to  site  determination  merits 
careful  consideration »  Height  growth  is  normal  in  moderately  stocked 
stands  and  is  appreciably  subnormal  in  both  extremely  dense  and  very 
open  stands  (13).   Complete  dependence  on  the  height  index  unavoidably 
results  in  confusing,  to  some  extent,  variations  in  stocking  with 
changes  in  site  quality.   This  probably  explains,  in  part,  the  anomaly 
apparent  in  normal  yield  tables  --  the  progressive  increase  in  number 
of  trees  to  the  acre  for  a  given  age  class  as  site  quality  decreases. 
Safe  limits  in  the  range  of  normal  stocking  for  site  determination  can- 
not be  specified  for  selection  forests.   The  only  normal  density 
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indices  available  are  for  even  aged  stands  and,  as  suggested  above, 
these  indices  themselves  are  dependent  on  the  heigh-  scale.   Also, 
the  degree  to  which  extremes  in  density  affect  heigh  growth  is  not 
krowx,  e ren  approximately,  for  any  of  our  species.   Furthermore,  it 
is  often  not  enough  to  know  age  and  density  at  the  moment  'jf   site 
determination    the  history  of  stand  treatment  also  is  important. 
For  example,  thinly  spaced  dominant  trees,  isolated  but  a  short  time 
by  cutting,  provide  satisfactory  indicator  samples,  whereas  long 
isolated  or  naturally  sparse  trees  do  not. 

Thus  success  in  selecting  height  samples  that  are  reasonably 
free  from  the  influence  of  abnormal  density  depends  mainly  on  individ 
ual  experience  and  interpretation.   Extremely  dense,  stagnated  stands 
as  well  as  extremely  thin  orchardlike  stands  can  be  avoided.   Th^^ 
younger  groups  and  stands  in  the  throes  of  "ompetition  are  perhaps 
most  sensitive  to  overstocking,  are  most  variable,  and  hence,  least 
reliable.   Sampling  several  age  groups  is  desirable  and,  when  dis 
parities  are  obvious,  the  site  indicated  by  the  older  groups  is  to 
be  preferred. 

Sampling 

Importance 

Cb^aimng  sample  indicators  that  are  satisfactory  for  sub 
dividing  land  into  site  classes  deserves  more  thought  and  planning 
than  are  <- ommc-nlj'  devoted  to  the  procedure.   Errors  and  mconsisten 
cies  are  p/eva_.ent  and  of  serious  proportions.   Adherence  to  the  long  - 
recognized  fandamen':al  principl-'S  of  sampling  would  prevent  the  morp 
serious  mistakes.   Beyond  this,  few  special  procedures  can  be  reccm 
mended  for  the  reason  that  the  form  of  distribution  of  site  quality 
and  the  fa^'tcrs  controlling  it  are  not  well  known.   Two  aspects  of  the 
sampling  problem  are  discernible    the  one  having  to  do  with  siz^, 
shape,  and  cthe.  characteristics  of  the  land  subdivisions,  or  get':ir-g 
gccd  a-'.-erages  for  the  site  qualities;  the  other  concerned  with  b^ 
havior  of  the  indicator  species  within  a  giA^en  site  quality.  Less  is 
known,  about  the  land  aspects    somewhat  more  about  the  trees,, 

Prescribed  conditions 

For  larger  tra^-'ts,  it  frequently  happens  that  the  nature  of  the 
subdivisions  for  whi(;h  site  ratings  must  be  made  is  nkncwn  until  af  - 
ter  an  exte-'-sive  siTvey  is  completed.   Type,  age  r>la'^s,  and  other 
bound' ries  may  be  fixed  by  mapping  as  the  survey  progresses,  or  may 
not  be  determined  until  after  the  notes  are  compiled-   In  su-^h  cruises, 
the  site  indicator  measurements  are  taken  concurrently  with  the  stock 
and  ooher  data.   With  these  prescriptions,  the  best  tha"  -an  be  d^ne 
by  way  of  planning  is  to  insure  enough  records  of  adequate  distribution 
for  the  most  exacting  of  reasonable  subdivision  schemes. 
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Small  plot  work  introduces  the  simpler  problems  in  site  determin- 
ation.  Here  the  land  aspect  merges  with  the  indicator  phase  about  which 
most  is  known,  for  there  is  little  chance  of  a  small  plot's  containing 
more  than  one  site  quality,  and  age  classes  and  types  are  restricted. 
It  is  necessary  only  to  sample  the  indicator  trees.  These  are  the  con- 
ditions represented  by  our  basic  data.   A  study  of  variation  therein 
serves  as  a  guide  to  the  number  of  trees  that  should  be  measured.  With 
due  allowance  for  height  age  regression,  5  to  15  trees  are  enough  to 
determine  the  site  correctly  19  times  out  of  20. 

Areal  unit  of  sampling 

A  sampling  procedure  is  suggested  by  the  simplest  case  of  the 
small  p].ot.   If  we  can  agree  upon  the  dimensions  of  some  small  plot 
to  use  as  a  standard,  or  sampling  unit  of  site  quality,  the  indicator 
can  be  sampled  within  these  units  by  taking  5  to  15  trees  in  each,  as 
noted  above. 

The  sampling  unit  should  be  small  enough  to  avoid  including  too 
frequently  more  than  one  site.   Too  small  a  unit  in  open  stands  fre- 
quently would  not  include  the  minimum  of  5  indicator  trees.   Very  small 
plots  also  would  multiply  excessively  the  number  of  tree  samples  re- 
quired.  Experience  in  plot  work  shows  that  square  tracts  up  to  10 
acres  in  area,  with  site  range  less  than  a  class  interval,  are  of  com- 
mon occurrence  even  on  variable  topography.   Twenty  to  40- acre  plots 
are  fairly  easy  to  find  on  the  more  uniform  northeastern  lava  plateau. 
Twenty  acres  is  the  smallest  unit  for  which  it  would  be  practicable 
to  keep  separate  notes  in  cruising  by  the  usual  10  percent  coverage. 
The  long,  narrow  shape  of  such  20  acre  plots  is  not  ideal,  but  it 
would  seem  better  to  accept  this  unfavorable  feature  than  the  large 
size  of  40  acres,  the  first  convenient  square.  Units  of  20  acres  can 
be  combined  exactly  for  most  subdivisions  conforming  to  public  land 
lines,  and  with  compensating  nonconformities  for  irregular  subdivi 
sions.   It  is  suggested,  therefore,  that  the  10  x  20  chain,  20  acre 
tract  be  accepted  as  the  areal  sampling  unit  for  site  quality  and  that 
the  indicator  sample  be  selected  on  the  1  x  20  chain  strip  in  each 
un  i  t . 

Selecting  areal  and  indicator  samples 

The  ordinary  timber  cruise  is  a  systematic  survey.   The  ad- 
vantages in  economy  and  accuracy  of  systematic  strip  sampling  have 
been  demonstrated  for  determining  volume  (14)  and  area  of  irregular 
types  (15) ,  and  by  inference,  the  same  system  should  be  satisfactory 
for  collecting  the  areal,  or  site  quality  sample  units.   With  regard 
to  the  indicator  sample,  any  routine  adopted  should  favor  randomness 
with  respect  to  -ige  classes  and  species  as  well  as  uniform  distribu- 
tion along  the  strip.   These  conditions  probably  would  be  satisfied 
approximately  if  the  one  most  suitable  tree  nearest  the  compass  line 
were  selected  in  each  4  chain  interval  of  a  strip.   Schumacher  and 
Chapman  (16.  call  attention  to  the  bias  in  favor  of  open- grown  trees 
introduced  by  this  method  of  selection.   For  present  objectives,  the 
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averages  probably  would  not  be  affected  appreciabl;/ „   The  tendency 
would  be  counterbalanced  to  some  extent  by  suggested  precautions  to 
insure  dominance  and  moderate  stocking, 

C hoi c  e  _qf  _true__d q^mlnari  t  s 

The  sample  trees  should  be  true  dominants  fl7)  relative  to 
other  trees  of  the  same  age  class,.   If  the  Region  5  tree  classifica 
tion  fl8)  is  followed,  the  trees  should  be  from  classes  1,  3,  or  5, 
The  term  "dominants''  should  not  be  construed  to  include  codommants, 
as  sometimes  is  the  practice.   The  admission  of  codommants  was 
favored  by  Sparhawk  s  committee,,   The  inclusion  of  codominant  trees  " 
incurs  the  additional  obligation  of  insuring  representation  of  the  two 
crown  classes  m  the  sample  m  the  same  proportion  as  they  occur  in 
the  stand  on  the  sample  area..   It  is  not  practicable  to  do  this  con 
currently  with  cruising  mixed,  group  selection  stands  where  the  pro  • 
portion  changes  rapidly  with  age,  composition,  and  stocking „   For 
cruises  made  with  the  intention  of  using  the  locally  developed 
growth  predicting  mechanism,  only  the  dominants  need  be  distinguished 
in  the  records;  hence  reliance  on  this  crown  class  for  site  indicators 
avoids  a  special  tally,.   The  dominants  are  usually  easy  to  recognize, 
whereas  the  admission  of  codominants  is  conducive  to  quibbling  over 
marginal  trees  and  leads  to  inconsistencies  in  site  classification. 
Since  the  codominants  compensate  in  no  way  for  their  disadvantages, 
nothing  is  lost  by  their  exclusion.   Decision  as  to  dom,inancp  is 
simplified  by  picking  the  trees  from,  groups.,   Here  the  crown  class 
relation  is  most  obvious  .and  there  is  apt  to  be  evidence  indicating 
whether  dominance  and  m.oderate  stocking  have  prevailed  from  the 
beginning,. 

Age  determination 

Determining  ages  of  the  sample  trees  can  be  reduced  to  a  simple 
procedure  practicable  even  for  most  cruising,,   This  is  true  because 
.relatively  large  errors  in  age  of  12  to  50  percent  introduce  sm.al] 
risk  of  missing  the  site  class;  consequently  the  number  and  lengt.h  of 
borings  for  ring  counts  can  be  reduced  considerably  by  resorting  to 
partial  or  complete  age  estimates,, 

Permissible  errors,.   The  range  of  error  in  age  admissible  with 
out  missing  the  site  class  Increases  with  increasing  age  and  with 
decreasing  site  quality,   Because  of  the  form  and  relation  of  the 
curves,  negative  or  low  estimates  of  age  are  more  to  be  guarded  against 
than  positi\^e  errors,  ^s   a  .rough  guide,  the  maximum  allowable  negative 
departures  from  certain  age  class  averages  are  shown  in  table  2 
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Table  2.  Maximiim  negative  departures  from  age  class  averag;es 
allowable  without  error  m  sit.e  determination. 


Age  class,  years 


Site 

class 

\ 

200 

I 

175 

TI 

150 

III 

125 

IV 

100 

V 

75 

50    •    100    •   200     ;    300 


N egative  departures,  years 


6  16  35  65 

6  15  40  70 

6  15  40  75 

6  16  45  90 

7  16  50  no 

9  20  70  150 


^.g. ^:. XT.9'11  Jb or ings_at_ breast         For  trees  100  years  old  or 
younger,  where  ring  counts  will  usually  be  necessarj^,  the  radii  will  fall 
within  the  span  of  the  increment  borer  except  on  the  best  sites.  For  the 
larger  trees,  -ounts  from  the  longest  cores  attainable  may  be  supple 
mented  with  estimates  for  the  remaining  sections  of  radius.   This  will 
involve  attention  to  such  details  as  measuring  diameter,  single  bark 
thickness,  and  core;  cal  :ulating  the  remaining  section  of  radius;  es- 
timating the  rings  therein;  and  adding  estimate  and  core  count. 

Age  counts  from  borings  at  breast  height  must  be  converted  to 
tot^l  ages  by  adding  the  number  of  years  required  to  grow  to  the  height 
of  4  5  feet.   The  time  varies  from  about  6  to  16  years  according  to  site, 
but  to  make  a  variable  adjustment  would  require  an  undesirable  prelimin 
ary  estimate  of  site  quality  itself.   It  would  seem  least  prejudicial 
tr-"  the  final  estimate  if  a  constant  conversion  factor,  such  as  10  years, 
were  added. 

Age  estimates..   When  refinements  are  not  ad/isable,  where  the 
timber  is  very  large,  or  for  other  reasons  estimates  of  age  must  be 
relipd  upon  entirely,  indicator  trees  should  be  favored  that  are  near 
the  reference  age  of  300  years  where  errors  of  20  to  50  percent  ar-e 
permissible.   If  circujnstances  require  using  the  average  height  at  the 
estimated  mean  age  for  a  whole  tree  class,  class  3  or  class  5  is  to  be 
preferred.   It  is  sometimes  the  practice  to  enter  the  curves  with  the 
av-rage  height  of  the  class  3  trees  at  the  300  year  upper  limit  instead 
of  the  average  age.   This  may  result  in  missing  the  site  class  if  the 
quality  is  high.   In  one  instance  of  record  where  tree  classifications 
and  age  determinations  were  made  independently  on  the  same  large  trees, 
32  class  3  pines  averaged  251  years  old,  and  158  class  5  pines  averaged 
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348  years e   When  resorting  to  estimates  of  age,  it  is  well  to  remember 
that  ponderosa  pine  and  sugar  pine  are  less  deceptive  than  white  fir  and 
Douglas  fir.   Errors  were  compensating  for  the  pines  but  tended  to  be 
positive  for  the  other  species. 

Species  indicators  compared 

All  four  species  apparently  may  be  used  safely^  without  distinc- 
tion, as  site  indicators.   It  should  be  noted  that  this  conclusion  is  con- 
trary to  earlier  recommendations.  Schumacher  (19)  in  his  study  of  white 
fir  yields,  concluded  that  sugar  pine  dominants  in  even-aged  stands  45 
to  150  years  old  were  shorter  than  dominants  of  the  other  species  by  2  to 
8  percent.   The  earlier  study  (3)  of  mixed,  even- aged  second  growth,  based 
partly  on  Schumacher's  plots,  apparently  affirmed  this  conclusion,  dis- 
parities being  reported  as  large  as  10  percent.   Results  of  the  present 
old-growth  study,  more  recent  information  from  permanent  plots,  and  re- 
view of  the  earlier  second-growth  records  lead  me  to  believe  that  the 
conclusion  is  incompatible  with  behavior  of  the  species  and  that  a  dis- 
tinction between  them  is  not  justified. 

The  records  for  the  older  timber  used  in  this  study  show  that 
sugar  pine  is,  if  anything,  slightly  taller  than  the  other  species  at 
comparable  ages,  but  the  differences  between  the  four  species  are  not 
large  or  consistent  enough  to  be  accepted  as  significant  or  important. 

Regular  observations  of  numbered  trees  over  long  periods  indicate 
that  sugar  pine,  once  behind  in  the  race  with  fir,  continues  to  decline 
if  unassisted.   Superior  trees  in  older  stands  usually  have  been  dominant 
from  the  first  or  were  released  early  in  life.   It  is  well  established 
by  thousands  of  measurements  that  sugar  pine  in  mature  mixtures  does  at- 
tain maximum  heights  above  any  of  its  common  associates =  This  fact  is 
not  to  be  interpreted  as  proving  its  ability  to  outstrip  other  trees  in 
fair  competition,  for  the  tallest  sugar  pines  exceed  in  age  the  tallest 
trees  of  th.e  other  species  from  a  few  to  as  much  as  140  years o 

The  inferences  that  might  be  drawn  from  uncritical  comparison  of 
the  second-grov'th  and  old-growth  records  have  important  management  im- 
plications.. If  it  v;ere  true  that  sugar  pine,  even  though  subordinate 
in  young  stands,  could  improve  its  position,  eventually  becoming  dominant 
by  surpassing  in  height  growth  such  competitors  as  the  more  tolerant 
white  fir,  our  whole  concept  of  mixed-stand  silviculture  would  have  to 
be  revised.   The  unnaturalness  of  the  conclusion  that  the  comparatively 
intolerant  pine  could  be  consistently  shorter  than  fir  and  still  be  domi- 
nant suggested  some  fiction  in  the  crown  classification.   This  sugges- 
tion Vi/as  supported  by  the  recollection  that  the  dominants  were  to  be 
the  tallest  trees  by  specification;  hence,  an  impartially  selected  frac- 
tion of  them  could  not  logically  average  10-percent  shorter  than  the 
whole.   For  these  reasons,  instead  of  adopting  the  simple  expedient  of 
omitting  sugar  pine  from  the  site  sample,  the  second- growth  records  were 
reviewed. 


-15- 


This  review  indicated  that  the  apparent  disparity  in  height  be- 
tween the  species  resulted  from  an  inadvertent  bias  in  the  field  methoos 
used  in  the  mixed  second- growth  study.   This  bias  entered  through  un- 
intentional shifting  of  the  criterion  of  dominance  between  the  species. 
The  intention  was  to  measure  heights  for  the  dominants  of  average  di- 
ameter »   Unfortunately,  in  practice  the  diameter  of  the  average  dominant 
was  taken  independently  for  each  species  rather  than  for  all  on  the 
plot  as  a  whole.   This  procedure  operated  to  the  disadvantage  of  sugar 
pine,  because  this  species  was  nearly  always  a  minor  component  of  the 
stands  and,  in  the  50  to  60  year  age- class  where  most  of  the  plots  were 
concentrated,  was  beginning  to  suffer  severely  from  competition  with 
fir.   Thus,  sugar  pine  was  poorly  represented  in  the  upper  range  of 
diameters.  As  a  consequence,  failing  sugar  pines  of  smaller  average 
diameter  were  pitted  against  larger  firs  higher  in  the  scale  of  domi- 
nance. V/hen  a  comparison  was  made  for  61  plots  representing  age  classes 
of  from  45  to  125  years,  where  heights  of  all  species  were  measured  at 
the  same  points  in  the  range  according  to  the  criterion  of  equivalent 
diameters,  sugar  pine  dominants  averaged  87.0;  ponderosa  pine,  86. 2 j 
Douglas  fir,  83.2;  and  v/hite  fir,  84,7  feet.   These  differences  are  not 
large  enough  to  excite  serious  concern  in  making  the  rather  general 
site  distinctions  contemplated.  Evidently  the  species  may  be  averaged 
together  provided  the  definition  of  dominance  is  applied  impartially. 

Incense  cedar,  an  almost  constant  associate  of  the  four  species 
discussed  here,  often  exceeds  the  others  in  numbers  but  is  always  in- 
ferior to  them  in  stature.  On  cut-over  land  where  defective  cedars  are 
sometimes  the  only  remaining  trees,  one  should  not  place  dependence  on 
this  species  as  a  site  indicatoi'. 

Accuracy  of  measurements 

Height  'measurements  should  be  made  within  reasonable  limits  of 
instr-umental  error    perhaps  about  2  percent.  This  can  be  accomplished 
e'.      vith  the  Abney  level  and  tape. 

Indicator  ' rees  to  be  of  normal  form 

Trer2s  with  normal  undamaged  tops  should  be  selected  for  the 
sample  h.eight  measurements.   The  choice  need  not  be  restricted  to  trees 
y/ith  pointed  crowns-.  Older  round  or  flat  topped  trees  are  admissible 
where  the  condition  results  from  natural  decline  in  height  growth  ra- 
ther than  from  forking,  breakage,  or  mistletoe  and  insect  damage. 

Number  of  j.ndicator  jtrjees  required 

The  numbers  of  sam.ple  trees  necessary  for  averages  of  specified 
reliability  are  app.'r'oximately  equal  for  the  several  site  classes.  With 
respect  to  age,  because  of  varying  width  of  the  site- class  bands,  the 
numbers  required  decrease  rapidly  from  50  to  150  years  and  are  then 
fairly  constant  to  higher  age  classes.  The  figures  in  table  3  for  Site 
I  -  175  and  Site  III   125  are  indicative  of  the  numbers  of  trees  neces- 
sary'- for  all  sites  at  various  ages  to  insure  averages  that  will  fall  in 
the  proper  site- class  zones  19  out  of  20  times.  These  numbers  are  to  be 
considered  as  minima  where  ages  are  known  v/ithin  limits  of  1  to  5  years. 
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Table  3.-  Number  of  sample  trees  required  for  heigi:ht  averages 

indicating  the  correct  site  class  19  times  in  20. 


Site 


Age  class,  years 


50  ;  100  ;  150  :   200  :   250  :   300  :   400  :   500   :   600 


Number  of  trees 

I  -  175    14 

11 

8 

7      7 

6 

6 

5 

5 

III  -  125    18 

10 

9 

6      5 

5 

5 

4 

4 

Calculating  the 

indica 

tor  average 

In  combining  measurements  for  a  general  site  indicator,  decision 
as  to  the  site  class  v/ill  be  expedited  if  v/eighted  averages  are  used  in- 
stead of  curves  plotted  from  the  sample  trees.  Weighting  should  be  ac- 
complished through  reference  to  figure  1  by  multiplying  the  height  in 
feet  of  the  nearest  curve  at  reference  age  300  by  the  number  of  trees 
in  the  site-class  zone.  The  combined  indicator  should  be  reported  by 
the  designation  of  the  nearest  site-class  curve  rather  than  by  the 
actual  average  in  feet.   For  example:   If  the  ages  and  heights  of  the 
sample  trees  on  a  20-chain  strip  were  100  years  x  80  feet,  210  x  122, 
200  X  127,  255  x  112,  and  105  x  90,  the  indicator  average  would  be 

(4  X  125)  -t-  (1  X  150)     or 
5 

130  feet,  and  the  site  class  would  be  reported  as  III-125. 

Merciiantable  length  not  a  substitute  for  total  height 

Merchantable  length,  or  lieight  to  a  fixed  top  diameter,  is 
frequently  used  erroneously  in  computing  site  indicators.   A  common 
fault  is  to  convert  the  number  of  16-foot  logs  to  feet,  add  some 
number  for  the  average  length  of  top  above  the  fixed  diameter,  and 
use  the  sum  for  reference  to  site-class  curves  based  on  total  height. 
The  trouble  with  this  procedure  is  that  proper  average  additions  for 
top  length  are  practically  indeterminate.  The  top  section  varies  with 
species,  top  diamete:?,  merchantable  height,  age,  diameter  at  breast 
height,  and  with  the  object  of  estimate  —  site  quality.   The  attempted 
correction  therefore  implies  a  prejudicial  advance  estimate  of  site. 
A  related  mistake  is  to  use  interchangeably  site-class  scales  in  equal 
intervals  of  merchantable  length  and  equal  intervals  of  total  height. 

It  may  be  supposed  that  one  could  prepare  merchantable  height 
curves  intercepting  variable  intervals  at  the  reference  age  and  so 
correlated  with  the  equal- interval  total  height  curves  as  not  to  change 
the  concept  of  site  in  terms  of  predicated  yields.  One  objection  to 
this  proposal  is  that  for  mixed  stands  more  than  one  set  of  curves, 
perhaps  one  for  each  species,  would  be  necessary. 
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The  use  of  merchantable  iicight  ^or  site  i-eference  in  any  manner 
is  probably  yt  variance  with  the  height-  indicator  principle.  Resort 
to  the  utilization  standard  implies  a  shift  in  the  biological  concept 
of  crown  class  and  involves  a  departure  from  the  definition  of  domi- 
nance.  Regardless  of  apparent  convenience,  converting  one  standard  to 
terms  of  the  other  is  an  unsound  procedure.   In  the  long  run,  it  will 
be  found  more  efficient,  more  consistent,  and  more  nearly  accurate  to 
measure  the  total  heights  in  the  field  especially  for  site  determination. 

Site  Classification  Is  Justified  as  a  Special  Project 

In  truth,  where  land  is  not  already  well  classified,  making  site 
determination  a  special  undertaking  v/lll  pay  dividends  in  better  forest 
managements  Sharp  distinction  of  the  more  productive  areas  will  aid  in 
correcting  the  prevailing  almost  indiscriminate  distribution  of  effort 
to  the  good,  the  poor,  and  the  indifferent  soils  alike  which  character- 
izes the  poor  management  of  pioneer  forestry.  Dispersal  of  forces  — 
a  little  everywhere  but  nowhere  enough  --  cannot  stem  the  tide  of  drain 
from  fire,  insects,  disease,  brush  invasion,  and  improvident  cutting. 
Intensification  of  forestry  can  be  accomplished,  at  no  greater  cost  by 
localizing  the  effort..   Site  classification  will  show  where. 


SUMMARY 

Site  classification  curves  are  presented  (figure  1)  foi"  the  mixed- 
conifer  selection  forests  of  the  Calif orni.a  pine  region,  with  enough 
description  cf  data  and  methods  of  preparation  to  enable  correct  applica- 
tion. The  object  is  to  establish  a  single  criterion  of  site  as  nearly 
as  possible  like  the  one  now  in  use  for  volume  surveys,  grov;th  forecast- 
ing, and  other  forestry  work. 

The  classification  is  based  on  the  height- age  relation  for  domi- 
nant trees  of  one  or  more  of  the  four  species,  ponderosa  pine,  sugar 
pine,  Douglas  fir,  and  v/hite  fir. 

The  site  range  is  divided  into  six  classes  represented  by  25- foot 
intervals  of  average  total  height  of  true  dominants  at  a  reference  age 
of  300  years.   This  scale  divides  the  range  in  production  capacity  by 
equal  intervals  of  periodic  annual  growth. 

The  site  classes  are  designated,  from  best  to  poorest.  A-  200, 
1-175,  -  -  V  75.  The  curves  define  the  midlines  of  the  site- class 
zones. 

The  territory  covered  includes  the  Sierra  Nevada,  the  lava 
plateau  in  northeastern  California,  the  Warn'er  Mountains,  the  Cascade 
System  south  of  the  California  border,  and  the  northern  inner  Coast 
Ranges,  but  not  the  redwood  or  northwest  coastal  sections. 
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lypes  for  which  the  curves  are  adapted  include  varying  com- 
binations of  ponderosa  pine,  Jeffrey  pine,  sugar  oine,  white  fir, 
Douglas  fir,  and  incense  cedar,  and  the  limited,  nearly  pure  stands 
formed  by  some  of  these  species. 

The  classification  is  intended  primarily  for  the  irregular, 
grouped  selection  forests  but  for  general  plans  and  surveys  may  be' 
applied  to  the  occasional  even- aged  stands  encountered.   It  is  un- 
suitable for  extremely  dense  stands  or  stands  that  have  always  been 
extremely  open.   It  can  be  used  on  cut- over  land  with  moderate  to 
heavy  reserves  where  some  true  dominants  are  left. 

To  obtain  the  general  site  class  for  a  large  tract  it  is 
suggested  that  areal  sampling  units  not  larger  than  20  acres  be  taken 
systematically.   A  minimum  sample  of  5  trees,  obtained  by  measuring 
one  well- formed  dominant  near  the  reference  age  for  each  4  chains  of 
strip,  apparently  would  give  the  correct  site  class  for  the  areal  unit 
19  times  in  20. 

The  number  of  sample  trees  of  determined  age  per  areal  unit 
required  for  height  averages  in  the  right  site  class  19  out  of  20 
times  varies  from  15  at  50  years  to  5  at  300  years.   Heights  should 
be  measured  with  an  Abney  level  and  tape.  Ages  should  be  determined 
to  the  nearest  5  years  if  the  trees  are  around  50  years  old,  but 
errors  as  large  as  60  years  are  permissible  if  the  trees  are  300  years 
old  or  older. 

Merchantable  heights  to  a  fixed  top  diameter  cannot  be  con- 
verted satisfactorily  for  reference  to  this  site  classification. 

Site  classification,  by  showing  where  to  localize  effort, 
contributes  to  intensification  and  greater  efficiency  in  forest 
management. 
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^RELDJINARY  SSTIIvLATE  OF  PRODUCTION  OF  LUI.IBER,  LATH.  AITO  SHINGLES 


IN  CALIFORNIA,  1942 

In  cooperation  with  the  Bureau  of  the  Census,  U.  S.  Department  of  Commerce, 
and  the  War  Production  Board,  the  Forest  Service  presents  herewith  its 
annual  preliminary  statement  of  lumber  production  in  California  and  Nevada. 
Since  this  statem.ont  is  based  upon  incomplete  returns  it  will  differ  sopie- 
what  from  subsequent  final  production  statistics  to  be  com.pilc-d  by  the 
Bureau  of  the  Census. 

The  estimate  of  1942  production  shows  that  the  lumber  industry  in  California, 
despite  adverse  effects  of  manpower  and  equipi.ierit  shortages  and  bad  vjeather 
in  the  sprin«?  of  1942,  responded  to  the  unprecedented  wartime  demand  for 
lumber  by  producing  only  a  fraction  less  than  Tvas  savjed  in  the  all-time  peak 
^rear  of  1941. 

The  production  estimated  in  tables  1,  2,  and  3  js  based  upon  reports  from 
207  of  an  estimated  total  of  239  active  sawmills  in  the  California  pine 
region  and  on  59  of  an  estimated  total  of  75  active  mills  in  the  redwood 
re.o:ion.   The  coverage  was  such  that  in  the  pine  re^^ion  the  sampling  error 
of  estimated  total  production,  expressed  in  percenta-Te  and  based  upon  +_   one 
standard  error,  was  0.2,  while  the  corresponding  error  in  the  redwood  region 
was  0,5. 

For  the  entire  State  and  all  species,  the  estimated  pi-oduction  of  2,322,170 
M  feet  b.m.  (table  l)  is  only  0.4  percent  less  th^-^n  total  State-wide  pro- 
duction in  1941.  VJith  the  exception  of  redwood,  Douglas  fir,  and  white  fir 
there  vjas  a  decrease  in  the  cut  of  all  species  ranging  from  a  2,7  percent 
decline  in  incense  cedar  to  a  19,3  percent  decline  in  Sitka  spruce.   The 
most  significant  decreases  vjere  the  3.7  percent  decline  in  ponderosa  pine 
and  the  12.6  percent  decline  in  su'-'ar  pine.   Although  the  production  of 
redwood  rose  1,1  percent  from.  1941,  the  most  outstanding  increases  were  a 
rise  of  40  million  feet  in  the  cut  of  Douglas  fir,  equivalent  to  a  16,2  per- 
cent increase,  and  a  rise  of  30  million  feet  in  production  of  white  fir, 
equivalent  to  a  30.1  percent  increase.   The  estimated  production  of  lath 
and  shingles  declined  5.2  percent  and  35.7  percent,  respoctively,   Lumiber 
stocks  dropped  from  846,854  M  feet  b.m.  on  December  31,  1941,  to  616,441 
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M  feet  b.m.  on  December  31,  1942,  or  a  decrease  of  27.2  percent.   It  is 
estimated  that  there  were  103  idle  sawmills  in  the  State  in  1942,  most  of 
which  were  of  low  potential  output. 

In  the  pine  rep-ion  the  estimated  Irniber  production  in  1942  was  1,730,931 
iTfiiFb . m ."  "(T -^bTe  2)  ,  or  approxim.ately  3  percent  below  the  output  m  1941, 
There  were  declines  in  the  output  of  ponderosa  pine,  suc^ar  pine,  incense 
cedpr,  and  big  tree,  but  increases  in  the  production  of  Douglas  fir  and 
white' fir.  The  samplinf^  error  for  species  production  was  less  than  2  per- 
cent for  all  species  except  incense  cedar  and  big  tree.  Lum.ber  stocks  de- 
clinpd  about  140  million  feet  in  1942.  The  44  mills  which  cut  more  than 
10  million  feet  apiece  produced  86.8  percent  of  the  total  lumber  sawed  in 
the  ref^ion,  whereas  the  131  mills  producing'  less  than  1  million  feet  each 
CU+  only  2.1  percent  of  the  re.-'ional  production. 

In  the  redwood  re^^ion  the  estimated  1942  lumber  prodn.ction  of  591,239  11 
fiit~bTmrTtT-ble  3)  was  approximately  9  percent  greater  than  the  1941  out- 
put.  The  most  outstandin??  development  was  the  increase  of  roughly  30 
million  feet  ^n  the  production  of  Douslas  fir„  The  cut  of  redwood  rose 
about  5  million  feet,  and  the  production  of  white  fir  rose  slightly.   Other 
species  showed  decreases.   The  sampling  error  was  0.7  percent  for  redwood 
and  2.4  percent  for  Dou^l-s  fir.  Lumber  stocks  decreased  about  85  million 
feet   The  9  mills  cnttins?  more  than  10  million  feet  apiece  produced  88  per- 
cent *of  the  re^^ional  cut,  whereas  the  38  mills  cutting  less  than  1  million 
feet  each  produced  2.3  percent  of  the  regional  cut* 
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STUl'IPAGE  Airo  LOG  PRICES   IN  CALIFORNIA 

MJ^Z1S2SS_JJ;TLTYPS_M_3M£ 

Preliml nary  Statistics  for  1943 


For  several  years  the  Forest  Service,  xvith  the  cooperation  of  the 
Bureau  of  the  Census,  has  been  collecting  stumpae^e  and  log  prices 
for  use  in  studying  the  trend  of  values  in  the  several  timber  pro- 
ducing regions.  The  information  so  obtained  has  been  published 
on  an  annual  basis,  since  1929,  in  a  series  of  statistical  bulle- 
tins of  the  U,  S.  Department  of  Agriculture, 

To  comply  promptly  vjith  requests  for  such  information,  the  follow- 
ing tables  of  average  1942  stumpage  and  log  prices  for  California 
have  been  prepared.  They  give  average  prices  by  species  and  type 
of  sale  as  indicated  by  reports  received  to  date  from  operating 
concerns  and  follow  the  statistical  set-up  in  the  printed  bulle- 
tins. The  data  are  preliminary  and  are  subject  to  correction  as 
additional  reports  may  be  received. 

Additional  copies  of  this  release  may  be  obtained  upon  request. 


*   MAINTAINED  AT  BERKELEY.  CALIFORNIA,  IN    COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA , 


STIMF'AGE  PRICES 
State  Totals 


Average 

Species  and  type   : 

Trans- 

Total  : 

price 

:  Price  j 

range 

of  sale      : 

actions 

:  Q,uantity  : 

value   : 

per  K 

:    per 

M 

Number 

M  ft.b.iTi, 

Dollars  ' 

Dollars 

Doll< 

-i.rs 

dividual  softwoods 

Ponderosa  pine 

145 

318,854 

1,345,460 

4.22 

1.00  - 

9.43 

Sugar  pine 

51 

95,233 

470,135 

4.94 

1.75  - 

9.43 

Sitka  spruce 

2 

1,024 

1,390 

1.36- 

.17  - 

1.50 

Western  hemlock 

5 

1,245 

498 

.40 

.17  - 

2.50 

Douglas  fir 

110 

318, 4R7 

465,671 

1.46 

.17  - 

3.90 

ViThite  fir 

44 

53,595 

48,458 

.90 

.25  - 

3.90 

Redwood 

46 

140 , 860 

193,160 

1.37 

.53  - 

4.50 

Incense  cedar 

35 

19,285 

26,523 

1.38 

.50  - 

3.50 

Western  red  cedar 

2 

368 

208 

.57   . 

.50  - 

2.50 

Port  Orford  cedar 

4 

658 

1,874 

£.65 

1.50  - 

7,00 

Total,  average, 

or  spread 

444 

949,610 

2,553,377 

2.69 

.17  - 

9.43 

Alder 

1 

820 

2,460 

3.00 

— 

at-rate  softwoods 

37 

618,658 

817,207 

1.32 

.15  - 

5.00 

ate  total,  average, 

or  spread 

482 

1,569,088 

3,373,044 

2.15 

.15  - 

9.43 

Pine  Region 

dividual  softwoods 

Ponderosa  pine 

142 

316,505 

1,343,111 

4.24 

1.00  - 

9.43 

Sugar  pine 

51 

95,233 

470,135 

4 .  94 

1,75  - 

9,43 

Douglas  fir 

58 

109,581 

217,496 

1,98 

,25  - 

3,90 

White  fir 

41 

35,416 

39,272 

1,11 

•  L5  — 

3.90 

Redwood 

3 

93 

419 

■i .  50 

— 

Incense  cedar 

35 

19,285  ■ 

26,523 

1.33 

o50  - 

3,50 

Total,  average, 

or  spread 

330 

576,113 

2,096,956 

3.64 

.25  - 

9.43 

at-rate  softwoods 

24 

391,899  ^ 

644,292 

1.64 

,50  - 

5.00 

gional  total, 

average,  or  spread 

354 

968,012  ■ 

2,741,248 

2.83 

•'•  .25"^ 

■9,43 

' 

- 
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Stumpage  Prices  ~    (Continued) 

Redwood  Ref?;ion 


LOG  PRICES 
State  Totals 


Average 

Species  and  t^'-pe 

Trans- 

Total  : 

price 

:  Price  rang? 
:     per  M 

of  sale 

actions 

:  Quantity  : 

va.lue 

per'M 

Number 

M  ft..b,m. 

Dollars 

Dollars 

Dollars 

Individual  softwoods 

' 

Ponderosa  pine 

3 

2,349 

2,349 

1.00 

— 

,  Sitka  spruce 

2 

1,,024 

1,390 

1.35 

.17  -  1,5( 

Western  hemlock 

5 

1.245 

498 

.40 

.17  -  2„5( 

Dous;las  fir 

52 

208,906 

248,1'/ 5 

1,19 

,17  -  3.0( 

•  White  fir 

3 

18.180 

9 ,  186 

o51 

.50  -  2. .5'; 

,  Redwood 

43 

140,757 

192 , 741 

1.37 

,53  -  4,5' 

Western  red  cedar 

2 

368 

208 

.57 

.50  -2/6 

Port  Orford  cedar 
Total,  average', 

4 

658 

1.874 

2.85 

1.50  ~  7-0 

or  spread 

114 

373,497 

456,421 

1.22 

.17  -  7.C 

Alder 

1  • 

820 

2,450 

3.00 

Flat-rate  softwoods 

13  ' 

226,759 

172,915 

.76 

•  -LO  **  O .  <^ 

Regional  total, 

average,  or  spread 

128 

601,076 

631,796 

1.05 

.15  -  7  X 

Individual  softwoods 


Ponderosa  pine 

39 

Sugar  pine 

7 

Sitka  spruce 

2 

Western  hemlock 

2 

Douglas  fir 

39 

White  fir 

13 

Redwood 

19 

Incense  cedar 

5 

Total,  average, 

or  spread 

126 

Alder 

1 

Flat-rate  softwoods 

5 

State  total,  average. 

or  spread 

132 

41,043 

2,849 

1,180 

54 

22,923 

2,176 

28,202 

115 

98,542 

300 

5,434. 


613,117 

41,410 

13,430 

548 

257,147 

20,747 

412,208 

1.113 

1,359,720 


4,500 


86,459 


104,276    1,450,679 


14,53 
lie  38 
10  ...15 
11.22 

9.53 
14,62 

9.68 

13.80 
15.00 
15.91 

13.91 


9.00 

-24,  i 

lloOO 

-16,' 

11.00 

0,4.  ■ 

9.00 

-.]0., 

8.60 

-.23.S 

8.50 

-J.VoV 

9.80 

-."-5^' 

9.25 

— "^  ]  ,'. 

8.50 

-35  .J 

10.00  -18. 


8,50  -35. 
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Log  Prices  -  (Continued) 
Pine  Res-ion 


Species  and.  type 
of  sale 


Trans- 
actions 


Quantity 


Total 
value 


Number 


K  ft.b.in. 


Dollars 


Average 
price 

_  per  M 


Dollars 


average,  or  spread 


50,692 


694,668 


13,70 


-4- 


Price  range 
per  M 


Dollars 


- 

idividual  softwoods 

- 

Ponderosa  pine 

38 

40,943 

511,667 

14.94 

9.00 

-24,00 

f\ 

Sugar  pine 

7 

2,849 

41,410 

14.53 

11.00 

-16.00 

Western  her.lock 

2 

54 

548 

10.15 

9.00 

-10.50 

Douglas  fir 

16 

5,788 

60,951 

10.53 

8.60 

-23.00 

Vmite  fir 

12 

2,128 

20,332 

9.55 

8.50 

-17.00 

Redwood 

1 

25 

338 

13.52 

— 

Incense  cedar 

5 

115 

1,113 

9.58 

9.25 

-11.24 

.( 

Total,  average, 

or  spread 

81 

51,902 

736,359 

14.19 

8.50 

-24.00 

at-rate  softwoods 

3 

1,682 

19,552 

11.68 

10.00 

-11.94 

r 

gional  total, 

j 

laverage,  or  spread 

1 

84 

53,584 

756,011 

14.11 

8.50 

-24.00 

' 

Redwood  Rep 

'ion 

dividual  softvjoods 

Ponderosa  pine 

1 

100 

1,450 

14.50 

.- 

Sitka  spruce 

2 

1,180 

13,430 

11.38 

11.00 

-14.00 

-v 

Douglas  fir 

23 

17,135 

196,196 

11.45 

9.00 

-19,00 

&■' 

-^ite  fir 

1 

48 

415 

8.65 

■  - 

i 

Redwood 

18 

28,177 

411,870 

14.52 

9.80 

-35.00 

VJ'. 

Total,  average, 

:;. 

'    or  -spread 

45 

46,640 

623,361 

13.37 

8.65 

-35.00 

1 

Alder 

1 

300 

4,500 

15.00 

— 

55 

lit-rate  softwoods 

2 

3,752 

66,807 

17.81 

16.91 

-18.71 

clonal  total. 

8.65  -35.,00 
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Lovf  survival  of  forest  planting  stock  has  long  been  a  serious  ob- 
stacle to  successful  planting  in  regions  of  dry  suiniuer  cliraate,  such  as 
the  slopes  of  the  Sierra  Nevada  in  California,  v;here  the  total  rainfall 
for  June  J  July^  and  August  averages  less  than  3A  of  a-^  inch.  However  ^ 
once  established  in  this  locality^  planted  trees  iiiake  notably  rapid  growth. 
To  assure  survival  of  experimental  trees  the  Instn.tute  of  Forest  Genetics 
has  watered  its  plantations  for  the  first  few  years  after  planting.   This 
1/vatering  has  resulted  in  &5   to  93  percent  survival  as  compared  vdth  5  to 
20  percent  survival  in  nearby  fariiiers '  plantations  vriiere  no  watering  vras 
done.   These  favorable  results  indicate  that  wat^^ring  rnay  be  a  practical 
measure  for  farm,  park,  windbreak,  erosion  control,  ca.-aouflagj,  and  other 
intensive  plantings. 

To  determine  minimUiii  and  a.dequate  watering  requirements,  a  pilot 
test  was  established,  the  5-y-ar  rv;sults  of  which  are  now  available.   T/ro 
plots  were  planted  on  April  1,  193-^^  mth  2-3^>jar-old  pondv^rcsa  pine  trees, 
120  trees  on  each  plot.  One  plot  v^as  on  a  moderately  dry  site  at  an  al- 
titude of  2,700  feet  .and  the  other  was  on  a  severely  dry  site  at  an  altitude 
of  950  f^et,  which  is  close  to  the  lovrcr  limit  of  natural  pondcrosa  pine 
range  in  this  locality/.  All  the  tr-,cs  were  watered  at  the  tliae  of  planting. 
Thjreaftjr  one-fourth  of  th>:.  trees  r  jceivcd  no  Virat-r  whatev..r;  one-fourth 
v:ere  watered  once  in  j:-iidsura!m;r^  one-fourth  received  tvro  summer  waterings; 
and  the  remaining  one-foiur'th  received  five  suiiimer  waterings  at  intervals 
of  3  to  /+  weeks  beginning  in  early  June.  Seven  gallons  of  vjater  were  ap- 
plied per  tree  at  each  watering,  the  T-zater  being  poured  from  buckets  into 
basins  formed  v/ith  earth  at  the  base  of  each  tree.   No  plot  v;as  watered 
after  the  first  suiiimer. 


1/  This  note  is  a  digest  of  a  longer  article,  Results  of  a  Test  of  'Vater- 
ing  Plantation  Trees,  by  R.  H.  IVeidman  and  G.  R.  Berriman,  which  is  to 
be  published  in  the  near  future. 


*  MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 


Observation  of  the  plots  indicated  that  practically  all  the  mortality 
of  trees  in  tiie  plots  v;as  due  to  drought.   Table  1  shows  that  raost  of  it 
occurred  during  the  first  year,  little  the  second,  and  none  thereafter. 
The  results  show  further  that  there  was  no  important  difference  in  the  sur- 
vival of  trees  v/atered  once  and  those  watered  tvdce,  and  that  such  infrequent 
v;atering3  had  but  slight  advantage  ovor  no  watering  v/hatever.  Vlihere  five 
waterings  were  given,  hov^ever,  the  survival  was  satisfactory  for  both  plots 
and  would  doubtless  have  be^jn  higher  at  the  dry  Bassi  location  if  the  water- 
ings had  been  better  tiiiied.   The  results  show  definitely  that  no  v^ratering 
need  be  done  after  the  first  year  to  insure  survival. 

Table  1.-  Effect  of  different  wat'..ring  treatments 
gA A^H'^i^-'^l  of  _£P nderosa  pineZ/ 


Location  and  ;      Year  of      :         Treatment  and  survival 


altitude  of   ;      survival     :     Nujiiber  of  times  watered  during 

plot      ;       count       :__  _   _   the  f ir st_  summer 

J ,(t^_en__each_  rs.ll)_  :   iIo;ie_ ;   One     :    T^/;o   ;   Five 

YejAT 

First   , 
o/ 

Institute  -        Second^ 
altitude  Third 

2,700  feet         Fourth 

Fifth 


First 
Eassi^  Second 

altitude  Third 

950  foot  Fourth 


1^^   Oa  the  basis  of  120  trees  planted  in  each  plot. 

2/  No  survival  records  were  available  for  the  second  year. 

3/   Tne  Bassi  plot  was  discontinued  at  the  end  of  the  fourth  year. 


Percent 

Pe_rc_ent 
83 

Perce 

nt 

Percent 

77 

87 

100 

70 

BO 

77 

97 

70 

80 

77 

97 

70 

80 

77 

97 

33 

40 

43 

83 

23 

30 

33 

83 

23 

30 

33 

83 

23 

30 

33 

83 

Fxeight  measurements  showed  thj.t   the  average  growth  of  trees  watered 
five  tii.ies  v/as  appreciably  greatei-  than  t'lat  of  trees  thaL  received  less 
v;ater.   The  trees  watered  onl-^'  once  or  tvvice  shovred  little  difference  in 
height  as  compared  I'lith  each  other  or  v/ith  those  not  watered  at  all. 

Another  feature  of  the  experiment  v/as  the  /iiulchJ.ng  of  half  of  the 
trees  vath  pine  litt-;r  in  an  effort  to  conserv.;  moisture.   For  the  trees 
watered  once  or  twice,  this  treatment  increased  survival  13  to  20  percent 
as  compared  with  no  -lulching.  ¥/iere  intensive  watering  was  done  the  sur- 
vival was  liigh  regardless  of  imilching. 
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',/7hothv;r  plantation  trees  need  watering  to  assure  high  survival  de- 
pends chiefly  on  the  distribution  and  amount  of  rainfall  during  the  first 
growing  season.  Another  important  factor  is  water-holding  capacity  of  the 
soil.  !'7ith  these  points  in  j:iind  the  quantity  and  intervals  to  be  used  in 
artificial  watering  depend  on  Svjiasonal  need.  By  digging  holes  from  time 
to  time  during  the  summ..r  to  the  depth  at  vmich  absorbing  root  tips  are 
located,  it  is  possible  to  judge  approximately  by  the  color  and  feel  of  the 
soil  the  time  to  apply  water. 

It  is  not  intended,  of  course,  from  this  limited  pilot  test  to  sug- 
gest the  watering  or  irrigation  of  extensive  S^ate  or  national-forest 
plantations.  There  are  forest  plantings  of  a  more  intonsiv.-.  nature,  hov/- 
jver,  in  connection  vdth  farm  forestry,  vdndbroaks,  erosion  control,  munici- 
pal watersheds,  and  similar  projects,  v/herc  ifatering  the  first  year  would 
be  possible  and  profitable. 
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TAPER  AVD  VOLmiE  T;\BLS,3  FOR 
P0>©ER03,A   PI^^■f'oF''iITE   IV- 100    flf  CALIFORNIA 


.OUTH 


By 

R.  F.  Keniston,  Junior  Forester 
and 
V,  A,  Gleinents,  Af'sociate  SilviculturiRt 


Satisfactory  taper  and  volume  tables  for  ponderosa  pine  on  Site 
IV-lOCi' in  California  hr;ive  lonp-  been  needed.  Extensive  areas  of 
valuable  old-grovvth  timber  occur  in  thi:-  site  cl-iss  in  the  ''Eastside' 
pine  type,  especially  on  the  Modoc  Plateau  in  th'-  northeastern  part 
of  the  State,   Expansion  of  lumbering  in  these  forests  has  increased 
the  demand  for  tables  to  be  used  in  cruising,  appraisals,  and  working 
plans, 

l/   Site  IV-iOO  is  the  aesignation  used  for  sites  on  which  the 
dominant  trees  average  100  feet  in  heip-ht  at  300  years.  The  site 
scale  is  described  in  Research  Note  No,  28,  Calif.  Forest  &  Range 
Expt,  Sta.,  "A  Site  Classification  for  the  Mixed-Conifer  Selection 
Forests  of  the  Sierra  Nevada,"  by  Duncan  Dunning,  1943, 


MAINTAINED  AT  BERKELEY.  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 


vJhen  volume  tables  for  the  first  three  site  classes  were  completed 
in  1922,  no  tree  measurements  were  available  for  3ite  IV-100,  Field 
measurements  for  this  site  were  made  in  1924,  but  the  data  proved 
to  be  unsuitable.  A  table  made  in  1925  from  me-^jsurements  of  127 
trees  in  the  Kodoc  National  Forest  apparently  fits  the  timber  fairly 
well,  but  was  intended  as  a  local  table  and  has  not  been  tested  for 
wider  application.   In  1927  a  range-wide  series  of  volume  tables  was 
construct;-d  iji.the  V^ashinj'ton  office  of  the  Forest  Service,  f^nd  the 
•^■ite  IV  tableii/of  this  series  has  been  used  in  timber  surveys  in 
Region  5,  The  site  scale  to  which  this  table  is  related  differs 
from  that  of  Region  5,  The  trees  on  which  it  is  based  included  none 
from  California;  all  fopresented  the  Rocky  Mountain  form  of  ponderos'^ 
pine.  The  check  of  tabular  values  against  scaled  volmnes,  discussed 
later  in  this  note,  indicates  that  this  table  is  not  vjell  adaptved  to 
the  Modoc  timber.  Careful  tests  of  its  suitability  for  other  lo- 
calities in  California  have  not  been  made. 

Taper  tables  yijlding  valu.  3  corresponding  to  those  in  th'  volume 
table  have  not  been  availabl.;  h-^rotofore.   Log  grading  and  oth-r 
r-.f inem.-;nts  in  appraisals  have  emphasized  the  importance  of  taper 
tables  and  th^;  dusirability  of  having  corresponding  volume  tables 
deriv' d  from  th'-  tap^-r  m^iasur-;ments. 

In  response  to  th^se  r-jquirements  the  127  Modoc  trees  of  1925  have- 
been  combined  with  121  tr  .^.. e  from  tht:  samu  locality  m.  ;asured  in 
1925  and  19150  to  produce  the  volur.u  and  taper  tables  pr^S'-nted  here. 

The  tap.jr  tables  wir'.^  construett.d  and  harmonized  graphically.  The 
volume  table  was  pr-par.d  dir.  ctly  from  th'.  tapur  tables  by  sum- 
marizing the  log  voliim.'-s  for  tre-^s  of  various  diamot'.:rs  and  ht-ights. 

The  tap.:r  tables  s'ive  tho  diam-.t  .r  and  volume  of  th.^  top  log  as 
scalo-d  at  the  upp^;rmost  16-foot  interval  falling  nearest  to  8  inches 
Insidr  b-^rk.  This  was  done;  for  con\''eniL-rCv:  of  interpolation  in 
prcifer!:;nc3  to  the  usual  procedur  of  scaling  thu  top  logs  uniformly 
to  a  diam^eter  of  8  inch..s  but  with  variable  length.   It  should  be 
emphasiz>-;d  thet  corr  ;ct  us.,  of  tht  s^;  tables  r'"'quires  classification 
of  the  trees  in  th-.  usual  manner,  that  is,  by  height  in  16-foot  logs 
to  an  8-ineh  top. 


£/  Evans,  0,  11,      1938","  Kultiple  volume  t^rbl^s.  Form  71,  R-S,  sheets 
1  to  44,  U,  1,   Forest  S:.:rvicc^,  3an  Francisco. 


_r>^ 


, 


It  is  hoped  that  th.se  tnblt;s  may  prove  satisfactor-j-  .„  ,+,   ^   ■, 
for  the  territory.  Thoy  should  not  bj  acc-.pt. ,d  cs  such,  how.,  v  .,  , 
until  dep'-mdobla  chocks  hav-j  beon  made  under  condition's  of  field 
us-.,  Unfortunr:tely  such  tests  often  ere  neglect:jd  or,  b  .cause 
of  defective  procedure,  are  inconclusive.  By  the  time  shortcomin/^s 
are  finfilly  expos-. d,  mony  related  tables  such  as  cubic  foot,  bo-^.rd 
foot  by  Int>.;rn.ational  Rule,  tables  bast;d  on  total  heicfht  and  simi- 
lar variations  have  pot  into  use  and  must  be  abandon.jd  with  th  : 
ori:'?;imls.  As  a  p-uide  to  fi>ild  testing,  .essential  in.-f'ormation  on 
methods  of  constr-uCtion  is  print. d  on  the  tables. 

In  19S7  range-wido'  3ite  rv  table  £?;ave  a  total  volum.  for  th-..  248 
Modoc  trees  only  84C  bd,  ft.  gr-^ater  then  thu  scale  but,  as  indi- 
cated by  the  accompanying  graph,  this  close  ngreerri'^^nt  resulted 
from  compensating  departur-  s:  the  older  t^'ble  gav,  values  consistently 
too  high  for  th;  sm-^H.^r  tre- s  -Td  too  low  for  the  larger  ones. 

Comparison  of  th'..;  n-;Vv'  .Sit-:  IV-lOO  t^'bular  volum-,  with  the  total 
scaled  volume  of  the  248  be  sic  tre.js  sho^vs  a  difference  of  no  conse- 
quence —  the  table  reiving  only  890  bd.  ft.,  or  0,-36  percent  more 
than  thv.  direct  scale  of  338,870  bd.  ft,  Th..  graph  shows  th-t  the 
tabular  d-jviatione  from  sc^le  for  the  several  dir-mett^r  'ma  log  classes 
also  are  consistently  snail  and  that  the  departures  show  no  und'-sir- 
able  trend  ;.'ith  either  diameter  or  height.   It  is  hoped  th-'.t  future 
t'.;sts  will  confirm  th.e  indicated  superior  fit  of  the  n^w  t^'ble. 
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Comparison  of  new  Site  IV- 100  and  VJashington 
Office-1927  volume  tables:   Diameter  and  heii^ht 
class  deviations  from  the  scale  of  248  trees  in 
percent. 
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Prerared  by 
California  Forest  and  Range  Experiment  Station 

1943 
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BITTERBRUSH  IN   CALIFORM 

By  August   L.    Hormay 
Associate    Forest  Ecologist 

INTRODUCTION 

Bitterbrush    (Purshia   tridentata   D,    C.)    is    one    of   the    most   impor- 
tant  range   plants   in  the   West.      It   is   grazed  by  cattle,    sheep,    and  goats, 
as   well   as   by  deer,    antelope ^    and    other    game   animals,    and  the    seeds   are 
an  important   item  in   the   diet   of  rodents   and  birds. 

The   range    of  bitterbrush   (fig.    l)    covers    about   340,000,000   acres 
in  the    11  western  range    States   and    southern  British  Columbia.      In  Califor- 
nia  bitterbrush  is    distributed   on  approximately  7,500,000   acres   east   of 
the    Sierra  Nevada   and   Cascade   Mountains   at   altitudes   ranging  from  3,500 
to   11,000  feet.      It   commonly  grows    on  sites   occupied  by  big   sagebrush 
(Artemisia  tridentata),    ponderosa   and  Jeffrey  pine    (Pinus    ponderosa   and 
P.    Jeffreyi")"^    Sierra   juniper    (juniper   occidentalis )  „    and   single  leaf   pinon 
XPinus  monophylla).      Bitterbrush   grows  best   on  soils   that   are   well-drained, 
moderately  deep,    and   fine-   or   coarse-textured.      In  many  places   it  forms 
most    of  the   ground  cover.      It   is    rather   intolerant   of    shade,   and   the 
densest    stands   are   found   in  forest   openings   and  clearings   and   on  slopes 
below  the    pine    forest. 

_l/  This    study  was   furthered   in  many  ways    by  the    cooperation  and   actual 
participation   of   Region   5  personnel,  more   particularly,   F.   P.    Cronemiller, 
F.    D.    Douthitt,    and  A.   Fausett   of  the   Division   of  Wildlife   and  Range   Man- 
agement,  Regional   Office;    and  numerous    staff  men   of   the   eastside   national 
forests    (Shasta,   Modoc,    Lassen,   Plumas,    Tahoe ,   Mono,    and  Inyo)    in  analyzing 
bitterbrush  problems   in  the   field  and  in  gathering   data   on  the    distribu- 
tion and   artificial   reseeding   of  the   plant.      Comments    on  the  manuscript 
by  the   U.    S.    Fish   and  Wildlife    Service;    the   Forest   Insect   Laboratory, 
Bureau   of  Entomology  and  Plant   Quarantine;    the    Department    of   Botany,   Uni- 
versity of   California;   the    Forest    Service,    Vlashington,    and  this    Station 
were   very  helpful   in  the   preparation  of  this   paper. 
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On  large  areas  this  valuable  relige  browse  has  been  destroyed  or 
damaged  by  fire,  too  heavy  and  untimely  grazing  by  livestock  and  game 
animals,  defoliation  by  caterpillars,  or  girdling  by  rodents.   Drought, 
unfavorable  temperatures,  and  other  factors  of  weather  have  in  many 
cases  made  the  plant  more  siisceptible  to  injury.   In  many  localities  not 
enough  reproduction  is  becoming  established  to  perpetuate  the  stands. 
Over  a  period  of  years  a  serious  decrease  in  range  production  has  resulted 
from  such  damage  to  bitterbrush.  Much  critical  observation  was  made  of 
bitterbrush  in  California  in  past  years,  and  the  experiments  here  reported 
were  begun  in  1940.   The  object  of  these  studies  was  to  obtain  additional 
facts,  principally  on  the  growth  and  reproduction  of  the  species,  that 
v/ould  be  helpful  in  the  management  and  rehabilitation  of  this  browse  on 
the  ranges .   The  f  ollov/ing  report  applies  to  California  but  some  of  the 
findings  may  also  hold  in  other  regions. 

DESCRIPTION 

Bitterbrush  is  a  diffusely  branched,  deciduous  shrub  (fig.  2)  of 
the  rose  family  (Rosaceae) .   It  is  usually  2  to  6  feet  tall  but  in  some 
places  it  attains  a  height  of  16  feet  and  a  stem  diameter  of  12  inches. 
The  leaves  are  l/4  to  3/4  inch  long,  three- toothed  on  the  ends,  and  are 
grouped  in  small  bunches  on  the  twigs  and  stems.   The  plants  range  in 
color  from  dark  green  to  light  gray.   Different- colored  plants  often 
grow  side  by  side.   The  leaves  of  the  light-  colored  ones  are  densely  cov- 
ered with  white  matted  hairs,  whereas  those  of  dark  plants  are  almost 
smooth  and  often  much  smaller.  On  some  dark  plants  the  leaves  are  sticky 
and  have  a  strong  obnoxious  resinous  scent  because  of  the  presence  of 
glandular  hairs  and  pustule-  like  glands.   The  plant  bears  numerous  f ive  - 
pe tailed  flowers  about  3/4  inch  in  diameter,  which  grade  in  color  from 
pale  cream  to  bright  yellow  on  different  plants.   The  stamens,  of  which 
there  are  about  25,  and  the  petals  are  attached  to  the  rim  of  a  cuplike 
receptacle  which  contains  the  ovary. 

The  plant  is  called  quininebrush,  deerbrush,  buckbrush,  antelope- 
brush,  greasewood,  and  black  sage  as  well  as  bitterbrush.   In  sagebrush 
types  it  stands  out  as  a  dark-  colored  plant.   The  names  bitterbrush  and 
quininebrush  are  appropriate  because  all  parts  of  the  plant,  even  the 
flowers  and  the  wood,  have  a  very  bitter  taste.   The  bitter  substance 
was  isolated  in  two  pharmacological  studies,  but  its  chemical  composi 
tion  was  not  determined.   It  was  reduced  to  crystalline  form  and  was 
found  soluble  in  water.   It  is  not  an  alkaloid  nor  a  glucoside.   The 
plant  was  also  found  to  contain  appreciable  quantities  of  tannin. 

The  young  seedling  (fig.  3)  has  cotyledons  which  are  lobed  at  the 
base  and  are  5/8  to  l/2  inch  long  and  l/4  to  3/8  inch  wide.   The  young 
stem  below  the  cotyledons  is  conspicuously  red.   This  character  is  an 
aid  to  recognizing  the  seedlings  in  the  field.   The  edges  of  the  cotyle- 
dons, the  upper  portion  of  the  young  stem,  and  the  young  leaves  are  dotted 
with  red  glandular  hairs. 
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Fig.  1.  General  distribution  of  bitterbrush:  A,  In  California;  and 
B,  in  the  United  States  and  southern  British  Columbia.  Based  on  in- 
formation from  the  U.  S.  Forest  Service,  Region  5,   and  the  Division  of 
Dendrology  and  Forage  Investigations,  Forest  Service,  Washin^jton,  D.  C. 


Fig.  2.  Characteristic  form  of  ungrazed  bitterbrush. 
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The  se^.ds  of  bitterbrush  resemble  apple  seeds  in  size  and  shape. 
They  are  egg-shaped,  slightly  flattened,  and  about  l/4  to  3/8  inch  long. 
V/hen  wet  they  are  dark  reddish  purple  to  almost  black  in  color,  but 
when  dry  they  are  grayish  and  tinged  with  purple  and  brown.   The  coat 
of  the  maturing  seed  contains  a  reddish  purple  sap  which  congeals  into 
a  hard  granular  mass  when  the  seed  is  fully  ripe.   Each  seed  is  enclosed 
in  a  spindle  shaped,  ribbed  husk  about  3/8  to  5/8  inch  long.   Together 
the  husk  and  seed  constitute  the  fruit  --  a  dry  achene. 

FORAGE  VALUE 

Bitterbrush  is  the  most  important  range  browse  east  of  the  Sierra 
Nevada- Cascade  Divide  in  California.   It  forms  only  a  small  part  of  the 
forage  crop  in  some  localities  but  in  others  it  constitutes  the  bulk  of 
the  livestock  feed.   Some  stands  exceed  0.5  density.   A  stand  of  0.2 
density  with  twig  growth  averaging  7.5  inches  long  will  yield  about  900 
pounds  of  dry  forage  per  acre. 

Experiments  at  the  University  of  Nevada  in  1909  showed  that  crude 
protein  makes  up  about  13  percent  of  the  dry  weight  of  the  young  leaves 
and  twigs.   In  feeding  tests  with  sheep  82  percent  of  this  protein  was 
found  to  be  digestible.   These  tests  further  shov,/ed  that  in  100  pounds 
of  diy  matter  9.72  pounds  of  protein,  62.50  pounds  of  carbohydrate, 
and  2.25  pounds  of  fat  were  digested.  Experiments  in  1942  at  the  Utah 
Agricultural  Experiment  Station  showed  15  percent  protein  in  the  leaves 
and  tender  twigs  in  June  and  10  percent  in  Septeinber.   The  high  pro- 
tein content  of  bitterbrush  even  in  September  indicates  its  value  in 
offsetting  protein  deficiencies  that  develop  on  many  western  ranges 
after  the  herbaceous  vegetation  dries  up.  Bitterbrush  is  especially 
valuable  on  the  range  because  it  provides  green  forage  4  to  6  weeks 
longer  in  the  fall  than  most  of  the  bunchgrasses  and  herbs  on  the  same 
site.   Thus  it  adds  to  the  length  of  the  grazing  season. 

GROWTH  AND  REPRODUCTION 

The  seasonal  growth  of  the  mature  bitterbrush  plant  is  illus- 
trated in  table  1.   It  should  be  noticed  that  twig  growth  starts  after 
flowering.   The  season's  flowers  and  seeds  are  borne  on  short  spurs 
from  previous  years'  wood  and  not  on  the  current  shoots.   The  new  shoots 
produce  seeds  the  following  season  if  protected  from  excessive  grazing 
and  if  other  conditions  permit.   Twig  growth  continues  into  the  early 
part  of  September,  providing  succulent  green  forage  late  in  the  season^ 
It  has  been  observed  that  grazed  bushes  remain  green  longer  than  un 
grazed  ones,  probably  because  grazing  stimulates  regrowth  and  because 
less  water  is  lost  from  the  grazed  plant  through  transpiration. 
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TABLE  1.   Seasonal  growth  and  development  of  bitterbrush. 
Halls  Flat,  Lassen  National  Forest,  1942 


Month 


Stage 


:May  June  July  Aug.  Sept.  Oct.  Nov, 


Development 
period 


Leaves  growing      xx 
Plants  flowering 
Twigs  growing 
Seeds  ripe  and  falling 
Leaves  falling 


XXX 

XXXXXXXXXXXXXXXXX 
XX 

XXXXXXXXXXXXXX 


May  8-20 
June  1  -  20 
June  10-Sept. 
Aug.  1  -  10 
Sept. -Nov. 


The  seedlings  emerge  from  the  ground  in  the  spring  at  about  the 
time  the  parent  plants  start  to  grow.  They  rarely  get  to  be  more  than  2 
or  5  inches  tall  by  the  end  of  the  first  season.   Their  roots,  however, 
penetrate  the  soil  to  depths  of  15  to  20  inches  or  more.  Flowering  of 
ungrazed  plants  starts  in  the  fourth  or  fifth  year  on  some  sites  and  2  or 
3  years  later  on  others.   At  this  stage  the  plants  have  a  spread  of  about 
8  to  10  inches  and  are  10  to  12  inches  high.   Seed  production  usually  does 
not  occur  in  appreciable  quantities  until  the  plants  are  10  years  old  or 
older  and  have  attained  considerable  size. 

A  comparison  of  the  number  of  annual  rings  with  the  known  age  of 
plants  indicates  that  the  stems  of  bitterbrush  form  one  growth  ring  a 
year.   If  rings  have  not  been  destroyed  the  age  of  dominant  plants  can 
be  determined  within  2  or  3  years  by  counting  the  rings  in  a  section 
through  the  main  stem  at  the  ground  line.   The  oldest  stem  examined  by 
the  writer  had  82  rings.   The  life  span  of  bitterbrush  is  probably  be- 
tween 60  and  70  years. 

Bitterbrush  reproduces  mainly  from  seed.  Occasionally,  after  in- 
jury of  the  crown  by  fire,  chopping,  or  crushing,  it  sprouts  from  some 
of  the  numerous  adventitious  buds  located  near  the  base  of  the  main 
stems,  but  this  is  not  an  important  means  of  propagation  of  the  plant. 
Only  two  instances  of  sprouting  after  burning  have  been  observed  in 
California,  one  near  Delleker  on  the  Plumas  National  Forest  and  one 
near  Big  Pine  on  the  Inyo  National  Forest. 

Factors  Influencing  Growth  and  Reproduction 

Rodents. --Widespread  observations  and  measurements  by  the  writer 
indicate  that  most  of  the  plants  in  bitterbrush  stands  become  estab- 
lished from  seeds  cached  by  rodents.   Upon  germination  the  seeds  pro- 
duce a  thick  cluster  of  seedlings  which  form  a  single  crown  (fig.  4, 
A  and  B) .   The  size  and  shape  of  this  crown  resembles  that  of  a  single 
older  bitterbrush  plant.  This  similarity  may  have  led  to  the  widely 
prevalent  but  erroneous  idea  that  practically  no  seedlings  were  present 
in  some  localities. 
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Fig.  3.  A,  Bitterbrush  seedling,  1  month  old;  B,  cotyledon  of  seedlings 


A  B 

Fig.  4.  A,  A  cluster  of  bitterbrush  seedlings  germinating  from  a 
rodent  seed  cache;  B,  the  seedlings  shown  in  A  partly  excavated  and 
spread  out  to  show  numbers. 


-4a- 


In  a  stand  on  the  Lassen  National  Forest  58  percent  of  all  the 
bitterbrush  crowns  were  made  up  of  two  or  more  plants  (table  2) .   No 
doubt  many  of  the  single  plants  in  the  stand  were  also  part  of  rodent 
caches  originally,  since  many  caches  are  reduced  to  one  surviving  plant. 
The  bitterbrush  stand  shown  in  table  2  has  a  uniform  distribution  of 
sizes,  indicating  that  reproduction  has  become  established  at  relatively 
frequent  intervals. 


TABLE  2.   Number  of  plants  per  crown  in  a  lightly  grazed 
bitterbrush  stand.  Crater  F^ountain,  Lassen  National  Forest,  1941 


Plants 

per 
crown 


Number  of  crowns— /by  approximate  diameter 
of  stems  of  plants  •  inches 


1/16  ;  1/8  :  1/4  :  1/2  :   1 


li. 


3  : Total  :  Percent 


1 

15 

8 

3 

7 

12 

6 

3 

52 

42 

2 

1 

3 

4 

6 

9 

2 

2 

27 

22 

3 

5 

2 

2 

2 

11 

9 

4 

1 

2 

3 

4 

10 

8 

5 

1 

2 

4 

7 

6 

6 

1 

2 

2 

2 

7 

6 

7 

1 

1 

2 

1 

8 

1 

1 

2 

1 

9 

1 

1 

1 

10 

1 

2 

3 

2 

11 

1 

1 

1 

17 

1 

1 

1 

Total 

18 

17 

17 

21 

56 

10 

^5  ^ 

4 

124 

Percent 

14 

14 

14 

17 

29 

8 

100 

1/  In  a  sample  plot  3.5  ft.  by  550  ft. 

The  caches  are  found  buried  from  l/4  to  1  l/2  inches  below  the 
surface  of  the  soil  and  contain  seeds,  not  fruits.  Not  all  of  the  seeds 
in  a  cache  germinate;  the  number  germinating  varies  from  2  to  over  100. 
In  one  cache  159  seedlings  were  found.   Most  of  the  caches  are  located 
in  the  spaces  between  shrubs  where  light  is  favorable  for  the  establish 
ment  and  survival  of  the  seedlings.  Seedlings  under  or  around  the  edges 
of  the  crowns  of | older  plants  do  not  survive.  It  is  rare  to  find  a  plant 
with  a  stem  as  large  as  l/2  inch  in  diameter  growing  under  an  older  plant. 

The  caching  of  bitterbrush  seeds  by  rodents  has  not  been  actually 
observed,  but  it  is  suspected  that  chipmunks  and  golden  mantled  ground 
squirrels  do  most  of  the  caching.   These  rodents  have  been  seen  digging 
into  the  base  of  germinating  seedlings  in  the  spring  in  search  of  un- 
germinated  seed.   Mice  also  probably  cache  many  of  the  seeds,  but  other 
seed- caching  rodents  are  too  scarce  to  account  for  much  of  the  planting 
that  occurs.   A  representative  of  the  Fish  and  Wildlife  Service  con- 
curred in  these  initial  observations  after  a  brief  field  check. 
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Chipmunks  eat  large  quantities  of  the  ripening  seed.   The  sticky 
red  juice  of  the  seed  coat,  which  remarkably  resembles  blood,  gets  on 
their  feet  and  can  be  found  smeared  on  rocks,  sticks,  logs,  stumps, 
fence  posts,  stems  of  shrubs,  and  even  on  tree  branches  5  or  6  feet  above 
the  ground.   The  amount  of  red  juice  on  these  objects  roughly  indicates 
the  degree  of  rodent  activity  and  the  amount  of  bitterbrush  seed  produced 
during  the  season  in  a  given  area.  Evidence  of  rodents'  eating  bitter- 
brush  seeds  is  found  almost  everywhere  during  sumraer  and  fall.   The  re- 
m.ains  of  fruits  and  seed  coats  may  be  seen  on  rocks,  logs,  and  stumps. 
Only  the  embryos  of  the  seeds  are  eaten. 

As  seed-caching  sites,  rodents  prefer  soft,  loose,  or  recently 
disturbed  soils  such  as  road  shoulders,  road  banks,  borrow  .pits,  and 
areas  disturbed  by  logging.   The  deep  duff  and  litter  at  the  base  of 
pine  trees  is  a  favored  planting  site.   Seedlings  may  be  found  there 
when  they  cannot  be  located  elsewhere  in  the  vicinity. 

The  amount  of  caching  varies  from  year  to  year  depending  pri- 
marily on  the  amount  of  seed  produced.   In  1941  large  numbers  of  caches 
were  found  on  experimental  plots.   In  1942  there  were  very  few.   In 
1943  germinating  seed  caches  could  be  found  by  the  thousands  through- 
out the  eastside  region  in  lightly  grazed  stands.   It  is  interesting 
that  practically  no  caches  were  found  in  several  dense  stands  of  very 
large  plants  —  6  to  12  feet  tall  —  on  the  Shasta,  Lassen,  and  Mono 
National  Forests,  in  spite  of  heavy  seed  production. 

Rodents  are  detrimental  as  well  as  beneficial  to  bitterbrush. 
Plants  have  been  observed  to  be  killed  by  girdling  of  the  stems  during 
the  winter,  probably  by  mice.   This  cause  of  mortality  is  reported  to 
be  prevalent  in  parts  of  Oregon,  Idaho,  and  Nevada,  and  further  obser- 
vation may  reveal  it  to  be  more  widespread  in  California  than  it  now 
appears.   It  is  doubtful  however,  if  bitterbrush  could  perpetuate  it- 
self on  California  ranges  without  rodents  in  the  face  of  the  many 
factors  that  act  to  destroy  the  stands. 

Destruction  of  seed-caching  roderts  would  be  detrimental  to 
the  propagation  not  only  of  bitterbrush  but  perhaps  of  other  im.portant 
forage  species.   Seeds  of  Idaho  fescue  (Festuca  idahoensis),  squirrel- 
tail  (Sitanion  hystrix),  needlegrass  (Stipa  occidentalis )  ,  doivny  chess 
(Bromus  tectorum)  ,  squaw  mat  (Ceanothus  pros"tratus )  ,  snowberry 
(Symphoricarpos  sp.),  greenleaf  manzanita  (Arctostaphylos  prtula), 
Jeffrey  pine,  and  unidentified  species  of  forbs  have  been  found  in 
rodent  caches  „  Yio   doubt  rodents  cache  the  seed  of  many  other  impor- 
tant range  and  forest  species.   In  1943  a  large  part  of  the  Jeffrey 
pine  reproduction  observed  in  the  eastside  region  germinated  in  rodent 
caches.   Several  species  often  grow  in  the  same  cache,   Bitterbrush 
and  Jeffrey  pine  seedlings  frequently  occur  together  =   Seedlings  in 
rodent  caches  are  conspicuous  in  the  spring  on  burned  areas  and  on  dirt 
roads  that  were  graded  in  the  fall. 
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Livestock  grazing. — Continuous  heavy  grazing  by  livestock  season 
after  season  is  probably  the  main  cause  of  the  widespread  deterioration 
of  bitterbrush  on  ranges.   Heavy  grazing  is  harmful  primarily  because  it 
removes  most  of  the  twigs  that  bear  the  flowers  and  seeds  and  tends  to 
kill  the  established  seedlings  and  older  plants  in  the  stand. 

If  heavy  grazing  starts  when  the  plant  is  young  and  persists  for 
several  years,  bitterbrush  acquires  a  prostrate  mushroomlike  shape  (fig.  5) , 
If  heavy  grazing  starts  when  the  plants  are  well  grown,  they  become  rounded 
back,  lobed,  or  club  shaped,  but  they  remain  taller  than  the  prostrate 
form.   These  cropped-  back  plants  often  live  for  a  long  time  because  the 
dense  woody  twig  stubble  left  from  previous  years  protects  about  15  to 
20  percent  of  the  foliage  from  grazing. 

Club  shaped  and  mushroom-  shaped  plants  usually  occur  on  heavily 
grazed  ranges  or  where  the  stands  are  thin  and  the  plants  widely  scat- 
tered.  They  are  more  prevalent  on  heavily  grazed  cattle  ranges  than  on 
heavily  grazed  sheep  or  deer  ranges  because  cattle  eat  not  only  the  cur 
rent  twig  growth  but  also  woody  branches  as  large  as  one-  fourth  of  an 
inch  in  diameter.   They  tend  to  graze  the  plants  more  heavily  on  the  top 
than  sheep  or  deer  graze  them,  and  the  plants  are  often  kept  down  to  a 
height  of  1  or  2  feet.   Sheep  and  deer,  on  the  other  hand,  confine  their 
grazing  mainly  to  the  current  year's  growth,  frequently  stripping  off 
only  the  leaves  and  rarely  utilizing  the  woody  growth  of  previous  years. 
A  few  shoots  usually  remain  ungrazed  and  eventually  some  of  the  branches 
grow  even  beyond  reach  of  the  animals.   These  plants  maintain  an  open 
straggly  form  (fig.  6) .   Apparently  they  do  not  maintain  their  vigor 
under  heavy  grazing  as  well  as  cropped-  back  plants  because  most  of  the 
foliage  is  removed,  but  they  do  ripen  some  seeds. 

The  palatability  of  this  browse  varies  in  different  plants  and 
with  st£;ge  of  growth,  degree  of  use,  and  site  location.   Many  stockmen 
and  range  technicians  say  that  previously  ungrazed  bitterbrush  is  only 
lightly  grazed  by  cattle  or  sheep.   They  believe  that  the  plant  has  to 
be  grazed  at  least  moderately  each  year  to  remain  palatable  to  live- 
stock. Sharp  dead  twigs  on  the  plant  are  known  to  hinder  sheep  graz- 
ing.  A  clearer  understanding  of  the  causes  of  variations  in  palatabil- 
ity of  bitterbrush  is  necessary  for  the  efficient  management  of  the 
plant. 

From  present  observations  it  is  estimated  that  about  40  percent 
of  the  twig  growth  should  remain  on  the  bitterbrush  plant  each  season 
to  maintain  plant  vigor  and  to  insure  adequate  seed  production.  Where 
bitterbrush  makes  up  25  percent  or  more  of  the  forage  and  is  heavily 
grazed,  a  reduction  in  livestock  numbers  will  probably  increase  its 
vigor  and  reproduction.   However,  where  bitterbrush  makes  up  only  a 
small  part  of  the  forage,  even  light  grazing  of  the  range  as  a  whole 
will  result  in  close  use  of  the  plant  because  of  its  high  palatability. 
On  these  ranges,  as  well  as  where  the  shrub  is  more  abundant,  a  system 
of  deferred  and  rotation  grazing  that  protects  a  portion  of  the  range 
from  use  for  an  entire  season  every  4  or  5  years  would  probably  provide 
the  necessary  twigs  for  maintaining  high  plant  vigor  and  an  abundant 
seed  supply. 


Deer  grazing  ..-'In  certain  localities  winter,  use  of  bitterbrush  by 
mule  deer  is  heavy  and  summer  use  is  light  to  moderate.  Coliombian  black 
tailed  deer  and  antelope  also  graze  bitterbrush  but  primarily  in  spring 
and  summer, 

Bitterbrush  stands  grazed  by  mule  deer  in  winter  and  by  livestock 
in  summer  show  marked  signs  of  deterioration »  The  winter  use  by  deer  is 
sometimes  greater  than  the  summer  use  by  livestock.   Satisfactory  manage- 
ment of  bitterbrUvSh  depends  in  part  on  knowing  the  relative  effect  of 
these  different  seasons  of  use  on  vigor  and  reproduction  of  the  plant. 
Bitterbrush  occurring  in  sparse  stands  may  be  grazed  sufficiently  by  deer 
alone  to  prevent  adequate  seed  production » 

Defoliation  by  caterpillars.-  Defoliation  of  bitterbrush  by  the 
Great  Basin  tent  caterpillar  frequently  kills  the  plant  or  greatly  re- 
duces its  vigor..   The  Forest  Insect  Laboratory,  Bureau  of  Entomology  and 
Plant  Quarantine,  Berkeley,  has  studied  the  tent  caterpillar  for  several 
years  and  found  that  infestations  occur  over  large  areas  throughout  the 
range  of  bitterbrush  and  vary  in  severity  from  one  year  to  the  next  and 
from  one  locality  to  another  <> 

Epidemics  are  usually  controlled  within  2  or  3  years  by  natural 
causes  such  as  the  increase  of  insect  enemies.  The  tent  caterpillar  can 
be  killed  in  both  egg  and  caterpillar  stages  by  the  use  of  insecticides, 
including  light  penetrating  oils,  that  are  nonpoisonous  to  livestock  and 
the  plant o  However  it  is  not  economically  feasible  or  practical  to  treat 
extensive  range  areas  by  these  means  to  effect  control  of  the  insect. 

The  writer  has  observed  that  plants  weakened  by  grazing  or  by  pre 
vious  caterpillar  infestations  may  be  seriously  damaged  or  killed  by  a 
single  hea-vy  defoliation »  Plants  not  weakened  by  such  causes  will  often 
recover  quickly  after  a  heavy  attack  by  caterpillars.  Removal  of  50  per- 
cent or  more  of  the  leaves  by  caterpillars  reduces  or  prevents  flower 
production  the  following  season,  even  in  vigorous  plants.  This  suggests 
that  grazing  by  livestock  of  more  than  half  the  foliage  during  the  season 
will  impair  seed  production. 

Burning.-  Hundreds  of  thousands  of  acres  of  bitterbrush  have  been 
destroyed  by  fire.  Fire  is  especially  harmful  because  it  kills  the  plant 
and  creates  conditions  that  make  it  difficult  fo^  reproduction  to  become 
reestablished. 

The  fact  that  only  occasional  seedlings  germinate  on  burned  areas 
the  year  after  burning  indicates  that  most  of  the  seeds  have  been  destroyed. 
Furthermore,  dense  stands  of  downy  chess  (Bromus  tectorum)  usually  invade 
these  bums  and  retard  the  establishment  of  bitterbrush  seedlings  by  shad  • 
ing  them  and  competing  with  them  for  moisture.  Rodents  do  not  cache  seeds 
abundantly  in  areas  covered  by  downy  chess. 

Bitterbrush  becomeS' reestablished  on  burns  primarily  from  seed 
buried  by  rodents,  A  stand  of  bushes  2  or  3  feet  tall  can  become  estab 
lished. on  a  small  burn  on  a  favorable  site  in  about  15  years  if  rodents 


Fig.  5.  Shape  of  bitterbrush  characteristic  of  heavy  grazing,  par- 
ticularly by  cattle. 


Fig.  6.  Form  of  bitterbrush  characteristic  of  heavy  grazing  by  sheep 
or  deer.  Note  the  flowers  on  the  upper  lightly  grazed  part  of  the 
plant. 
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cache  seeds  the  same  year  or  the  year  after  the  fire.   Seed  caches  have 
been  found  200  yards  inside  burns.   It  takes  many  years  for  bitterbrush 
to  reclaim  large  burns  even  with  the  aid  of  rodents.  But  without  rodents 
the  burns  would  not  be  revegetated  by  bitterbrush  in  hundreds  of  years 
—  if  at  all. 

Weather  and  other  factors.  -No  doubt  weather  interferes  with  the 
growth  and  reproduction  of  bitterbrush  at  critical  growth  stages.   Often 
mentioned  as  causing  or  contributing  to  the  death  of  bitterbrush  are 
drought,  freezing  or  sudden  extreme  changes  in  temperature,  poor  soil 
drainage,  or  a  temporary  rise  in  the  water  table.   Portions  of  the  plant 
above  the  snow  have  been  killed  by  freezing.   Bitterbrush  seeds  fail  to 
develop  in  some  years,  owing,  it  is  believed,  to  unfavorable  weather. 
Seed  formation  is  also  prevented  by  insects  that  burrow  into  the  develop- 
ing flower.   Galls  and  rusts  on  the  leaves  and  stem  decay  may  contribute 
to  the  mortality  of  the  shrub. 

ARTIFICIAL  REVEGETATION 

Artificial  revegetation  offers  considerable  promise  of  getting 
bitterbrusii  reestablished  on  many  areas  where  it  has  been  destroyed. 
The  follov/ing  suggestions  are  based  on  experiments  and  observations  to 
date. 

Collection,  Storage,  and  Viability  of  Seed 

Ripe  seeds  can  be  collected  in  July  or  early  August.   They  should 
be  plump  and  grayish  in  color  and  the  red  juice  m  the  seed  coat  should 
be  well  solidified.   The  seeds  should  be  collected  from  the  part  of  the 
plant  that  is  producing  ripe  seed.   They  mature  first  on  the  lower 
branches  and  last  on  the  upper  and  may  be  stripped  o+'f  the  branches  by 
hand  if  gloves  are  worr,,   The  seeds  usually  fall  to  the  ground  within  4 
or  5  days  after  ripening  and  therefore  the  collecting  time  should  be 
closely  watched o 

It  is  best  to  store  the  seeds  in  a  cool,  dry  place,  preferably 
in  tin  containers,  until  they  are  used.  Seeds  stored  at  41*^  F.  for  3 
years  retained  most  of  their  initial  viability. 

The  viability  of  seeds  can  be  tested  in  a  few  days  in  a  sample 
of  about  100  seeds  from  which  the  embryos  have  been  removed  and  ger 
minated  on  blotters  or  moist  sand  at  temperatures  above  55°  F.   The 
viable  embryos  will  start  to  grow  in  about  2  or  3  days.   The  embryo 
can  be  removed  after  the  seed  has  been  soaked  in  water  for  about  4  hours 
to  soften  the  seed  coat.  A  cut  is  made  with  a  sharp  razor  through  the 
top  of  the  seed  between  the  cotyledons  to  a  point  just  below  the  widest 
part  of  the  seed.   After  the  seed  coats  are  pried  back  from  the  cut,  the 
embryo  can  be  forced  up  through  the  opening  when  the  root  end  of  the  seed 
is  gently  squeezed. 

Fresh  seeds  that  have  a  well  developed  white  embryo  are  usually 
viable.   The  embryo  can  be  seen  when  the  seeds  are  cut  in  half. 


Time  of  Planting  and  Seed  Treatment 

Bitterbrush  may  be  sown  in  either  the  fall  or  the  spring.   Fall 
plantings  can  be  made  at  any  time  from  September  until  snow  covers  the 
ground.   Spring  plantings  should  be  made  early  —  from  the  time  snow 
leaves  the  ground  until  the  established  bitterbrush  plants  in  the  vicin- 
ity start  to  put  out  their  first  leaves.   The  soil  should  not  be  dried 
out  more  than  half  an  inch  below  the  surface. 

Either  seeds  or  fruits  may  be  sown  in  the  fall,  but  in  the  spring 
it  is  best  to  use  stratified  seeds.   Stratification  consists  of  storing 
the  seeds  in  coarse  wet  sand  at  temperatures  between  32*^  F.  and  41*^  F.  for 
5  to  8  weeks.   When  stratified  seeds  are  planted  in  the  field  under  favor- 
able moisture  and  temperature  conditi)ns  they  emerge  from  the  ground  in 
10  to  20  days.   In  the  laboratory  stratified  seeds  gave  60  to  80  percent 
germination  and  unstratified  seeds  gave  less  than  20  percent  germination 
at  temperatures  of  about  70°  F. 

Apparently  the  low  temperatures  during  stratification  induce  ger 
minationo   Seeds  or  fruits  planted  in  the  fall,  like  the  fruits  that  drop 
to  the  ground  naturally  or  the  seeds  that  are  buried  by  rodents,  are 
stratified  by  the  low  temperatures  that  prevail  from  fall  to  spring.   Ex- 
perimental evidence  indicates  that  stratification  in  the  field  takes 
place  mainly  during  the  spring  after  the  snow  melts  and  temperatures  rise 
above  freezing.   It  is  probable  therefore  that  unstratified  seeds  planted 
early  in  the  spring  just  after  the  snow  melts  would  germinate  in  appro 
ciable  numbers. 

Stratified  fruits  gave  considerably  less  germination  than  strati- 
fied seeds  in  the  laboratory.  The  husk  of  the  fruit  seemed  to  interfere 
with  germination.  Experimental  planting  of  fruits  in  September  gave  high 
germination  the  following  spring,  howevero  This  suggests  that  the  husks 
were  decomposed  sufficiently  in  the  5  or  6  months  from  fall  to  spring  to 
permit  germination.  Spring  planting  of  unstratified  fruits  is  not  recom 
mended,  since  it  is  unlikely  that  the  fruit  husks  would  be  broken  down 
sufficiently  in  1  or  2  months  to  promote  appreciable  germination. 

Seeds  stratified  at  41°  F.  show  signs  of  sprouting  after  5  or  6 
weeks.   They  should  be  removed  for  planting  at  this  time  because  if  the 
sprouts  are  allowed  to  get  much  longer-  they  are  likely  to  be  broken  off 
in  handling.   To  prevent  further  sprouting  while  the  seeds  are  being 
transported  and  handled  in  the  field  they  should  be  packed  in  ice.   They 
may  be  kept  in  this  way  for  a  week  to  10  days. 

Depth  and  Method  of  _P Ian t i. ng 

In  both  spring  and  fall  the  seeds  should  be  planted  l/4  to  about 
1  1/4  inches  deep  in  the  soil.  They  may  be  sown  broadcast  and  disked  or 
harrowed  into  the  ground  or  they  may  be  planted  in  shallow  furrows  or  in 
spots  by  hand  or  with  a  corn  planter.   The  most  practical  method  will 
depend  on  ground  conditions  --  on  degree  of  slope,  the  amount  of  rocks 
and  vegetation,  down  logs,  and  other  obstructions. 
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Survival  of  Seedlings 

The  results  from  both  fall  and  spring  experimental  plantings 
indicate  that  if  either  seeds  or  fruits  are  sown  at  the  proper  depth  and 
at  the  proper  time  only  a  small  percentage  is  likely  to  be  found  and 
destroyed  by  rodents.  More  than  half  of  the  seeds  can  be  expected  to 
germinate.  However,  many  of  the  young  seedlings  are  destroyed  by  rodents, 
insects,  game,  or  unfavorable  weather  during  the  first  month  of  growth. 
This  loss  occurs  usually  before  the  livestock  grazing  season  starts. 
Even  under  favorable  conditions  as  many  as  90  percent  of  the  seedlings 
may  die  by  the  beginning  of  the  third  year  of  growth.   It  is  estimated 
that  less  than  5  percent  of  the  planted  seed  will  produce  mature  plants. 
In  artificial  reseeding  enough  extra  seed  should  be  sown  to  offset  this 
high  mortality.   The  number  of  seedlings  to  survive  will  depend  on  the 
site  -   on  the  moisture  holding  capacity  of  the  soil,  the  amount  of 
spring  and  summer  rain,  and  the  amount  of  vegetation  competing  with  the 
seedlings  the  first  season  or  two  when  they  are  developing  their  root 
systems. 

Selection  of  Planting  S i t e 

Reseeding  of  bitterbrush  should  be  tried  first  on  areas  that  are 
known  to  have  supported  bitterbrush  in  the  past  or  still  support  some  of 
the  plants.   Within  the  range  of  bitterbrush  the  chances  of  getting  sue  - 
cessful  establishment  of  seedlings  from  artificial  reseeding  differs  from 
one  place  to  the  next.   The  ages  of  the  plants  in  ungrazed  or  lightly 
grazed  bitterbrush  stands,  near  and  comparable  in  site  to  one  proposed 
for  planting,  can  be  used  as  a  guide  in  judging  the  suitability  of  a 
particular  area  for  reseeding.   If  the  plants  in  these  stands  range  in 
age  from  young  to  old  and  differ  in  age  by  only  1  or  2  years  it  shows 
that  seedlings  have  become  established  at  frequent  intervals  in  the  past. 
This  indicates  that  the  chances  of  survival  of  at  least  some  of  the  seed 
lings  from  plantings  on  the  site  would  be  high.   On  the  other  hand  if  the 
number  of  years  between  age  groups  is  large,  5  or  more  years,  the  odds 
against  seedling  survival  would  be  5  or  more  to  1.   The  ages  of  the  plants 
in  a  stand  used  to  get  an  indication  of  seedling  survival  can  be  deter 
mined  by  counting  the  annual  rings  in  the  stems  of  plants  on  sample  strips 
about  18  inches  wide  and  4  or  5  chains  long.   The  plants  should  be  pulled 
up  by  the  roots  and  the  stems  sectioned  for  the  ring  counts. 

Artificial  reseeding  is  always  a  gamble  primarily  because  of  the 
uncertainty  of  weather,  but  careful  selection  of  the  planting  site  will 
increase  the  chances  of  success.  Until  more  is  known  about  the  subject 
bitterbrush  reseeding  should  be  carried  out  on  a  small  scale  on  sites 
that  are  most  favorable  for  seedling  establishment. 

Intensity  and  Coverage  of 'Planting 

There  are  from  18,000  to  24,000  seeds  and  about  14,000  to  20,000 
fruits  in  a  pound.   In  broadcast  planting  2  pounds  of  seed  or  3  pounds 
of  fruit  per  acre  seems  adequate »   This  provides  one  seed  for  each  square 
foot  or  two  of  ground  surface.   In  spot  planting  4  or  5  seeds  may  be  sown 

-  11 


in  one  place  at  intervals  of  4  or  5  feet  along  lines  spaced  4  or  5  feet 
apart.  In  furrow  planting  1  or  2  seeds  should  be  distributed  over  each 
linear  foot  of  line. 

Rodents  are  known  to  carry  seed  as  far  as  200  yards  from  the  nearest 
bitterbrush  plants,  but  they  cache  intensively  usually  within  only  100  feet 
of  the  seed  supply.   Therefore  planting-strips  10  to  20  feet  wide  spaced 
about  200  feet  apart  should  provide  ample  plants  and  seeds  for  future  cach- 
ing in  the  interspaces. 

SUMMARY 

Bitterbrush  is  the  most  important  range  browse  east  of  the  Sierra 
Nevada- Cascade  ranges  in  California.  Over  large  areas  it  has  been  des- 
troyed or  damaged  by  such  factors  as  fire,  heavy  grazing  by  livestock  and 
game,  defoliation  by  tent  caterpillars,  girdling  by  rodents,  or  weather 
conditions.  Not  enough  reproduction  is  becoming  established  to  perpetuate 
the  stand  in  many  places. 

Bitterbrush  reproduces  mainly  from  seed  and  the  stands  are  estab- 
lished chiefly  from  seeds  buried  in  caches  by  rodents.  The  natural  dis- 
semination of  bitterbrush  seeds  and  tne  spread  of  the  plant  over  wider 
areas  is  chiefly  the  result  of  rodent  caching.   The  quick  reestablishment 
of  bitterbrush  on  many  small  burned  areas  is  due  to  the  caching  of  bit- 
terbrush seed  on  these  areas  by  rodents. 

Close  grazing  by  livestock  each  year  is  probably  the  principal 
cause  of  the  widespread  deterioration  of  bitterbrush  in  California.   It 
is  harmful  primarily  because  it  reduces  the  seed  supply,  preventing  the 
establishment  of  sufficient  young  plants  to  maintain  the  stand.   It  is 
estimated  that  40  percent  or  more  of  the  twig  growth  should  remain  on 
the  plant  each  season  to  insure  adequate  seed  production  and  good  plant 
vigor. 

HeaATy  use  resulting  from  winter  grazing  of  bitterbrush  by  mule 
deer  combined  with  summer  grazing  by  livestock  is  damaging  bitterbrush 
in  some  localities.  Defoliation  of  bitterbrush  by  the  Great  Basin  tent 
caterpillar  also  causes  hea^/y  destruction  of  bitterbrush.  Plants  weak- 
ened by  grazing  or  previous  caterpillar  infestations  are  more  easily 
killed  by  defoliation  than  plants  not  weakened  by  these  causes. 

Fire  kills  bitterbrush  in  most  instances  in  California.   Valuable 
bitterbrush  stands  should  be  given  full  protection  from  fire. 

Artificial  reseeding  trials  offer  considerable  promise  for  the 
reestablishment  of  bitterbrush  on  many  sites  where  it  has  been  destroyed. 
Germination  from  both  fall  and  spring  plantings  can  be  expected  in  most 
years.  However,  survival  of  the  seedlings  depends  also  on  adequate  soil 
moisture  throughout  the  first  growing  season  and  protection  from  rodent 
damage  and  heavy  grazing.   Survival  may  be  expected  on  sites  that  adjoin 
areas  where  some  natural  reproduction  has  become  established  in  most 
years » 
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Additional  facts  on  growth,  reproduction,  utilization,  and 
artificial  reseeding  of  bitterbrush  are  needed  for  the  satisfactory 
management  of  this  valuable  browse.   Such  information  can  be  used 
to  increase  livestock  production  and  improve  the  general  condition 
of  ranges. 
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Research  Note  No.  35 


October  8,  1943 


A  METHOD  OF  ESTIMATING  GRAZING  USE  OF  BITTERBRUSH 

By 

A.  L.  Hormay,  Associate  Forest  Ecologist-i/ 


Not  more  than  60  percent  of  the  current  twig  growth  of  bitterbrush 
(Purshia  tridentata)  should  be  grazed  each  season  if  the  plant  is  to  re- 
tain its  vigor  and  produce  abundant  seed..^   A  simple  method  of  determin 
ing  the  grazing  use  of  this  valuable  browse  is  outlined  below.   It  consists 
in  estimating  the  amount  of  current  twig  growth  grazed  on  marked  bushes  on 
sample  plots. 

Size  and  s^hap^e^  of  plot 

The  sample  plots  should  be  all  the  same  size,  and  narrow  and  long 
enough  to  include  20  to  25  average- size  bitterbrush  plants.  Plots  20 
inches  wide  and  2  or  3  chains  long  -   approximately  0.0050  to  0.0075  acres 
in  size  -   have  been  used  in  stands  of  about  0.2  density. 

Number  of  _£lo t_s 

The  number  of  plots  needed  depends  on  the  variability  of  the  bitter 
brush  stand  and  the  variability  of  grazing  rather  than  on  the  area  of  the 
stand.   Twenty   to  twenty  five  plots  of  the  size  and  shape  described  above 
should  give  a  reliable  estimate  of  grazing  use.   More  plots  may  be  used  but 
it  i^  inadvisable  to  use  fewer  than  20. 


1/  Mr.  F.  D.  Douthitt,  Division  of  Wildlife  and  Range  Management,  Region  5 
assisted  directly  in  the  field  work  of  this  study.   His  cooperation,  in- 
cluding suggestions  on  the  manuscript,  has  been  very  helpful. 
2/  Hormay,  A.  L.  1943.  Bitterbrush  in  California.   Calif.  Forest  &  Range 
Expt.  Sta.  Res.  Note  No.  34.   13  pp.  (Multilithed.) 
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Distribut  i.  o  n  jo  f _gl  o  t  s 

The  area  of  the  stand  is  divided  into  as  many  approximately  equal- 
size  blocks  as  the  number  of  plots  to  be  used.   One  plot  is  located  in 
each  block  in  a  representative  area  reasonably  close  to  roads  and  trails 
to  avoid  excessive  travel  to  and  from  the  plots.   Each  plot  is  numbered, 
and  marked. 

Ident i ficati on  of  bushes 

Each  bitterbrush  plant  growing  on  the  plot  is  marked  with  a  durable 
numbered  stake  driven  into  the  ground  on  the  same  side  of  each  bush  where 
it  may  be  easily  located.   Metal  tags  may  be  used,  but  they  are  hard  to 
find  on  the  bushes.   If  used  the  tags  should  be  placed  in  approximately  the 
same  place  on  each  plant  on  a  large  branch  that  will  not  be  removed  by  graz- 
ing. 

* 

M ea^sur ements  of  the  bushes 

The  following  records  are  made  of  each  marked  bush: 

(1)  Measurement  of  the  average  diameter  of  the  entire  crown  to  the 
nearest  inch.   Two  or  more  measurements  may  have  to  be  made  in  different 
directions  across  the  crowns  of  irregularly  shaped  plants  to  arrive  at  an 
average. 

(2)  Estimate  in  inches  of  the  average  length  of  all  ungrazed  twigs. 


To  aid  in  judging  average  twig 
length  measure  several  twigs 
on  different  parts  of  the  plant 
with  a  ruler. 


(3)  Estimate  in  percentage  of  the  total  amount  of  twig  growth  grazed 
on  the  bush. 

Differences  in  leafiness  of  the  twigs  at  different  times  of  the  sea- 
son should  not  be  allowed  to  distract  the  eye  from  estimating  the  proportion 
of  the  actual  length  of  the  twigs  that  have  been  grazed.   In  the  fall  the 
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twigs  are  covered  with  green  or  drying  leaves.   In  early  spring  they  are 
bare  but  a  few  weeks  later,  before  the  new  season's  twig  growth  starts, 
they  are  again  clothed  with  green  leaves. 

Calculation  of  utilization 

In  order  to  calculate  percentage  utilization  of  a  bush,  a  plot,  or 
the  area  studied,  values  representing  the  amount  of  forage  produced  and 
the  amount  grazed  have  to  be  obtained.   In  the  present  method  these  quanti- 
ties are  expressed  by  arbitrary  numbers.   For  example,  the  amount  of  forage 
produced  ou  a  bush  is  expressed  by  the  product  of  the  area  of  the  plant 
crown  and  the  average  ungrazed  twig  growth  on  the  bush.   This  product  is 
correlated  with  volume  and  yield  but  is  not  a  direct  measurement  of  either. 
It  is  simply  a  number  that  can  be  compared  directly  with  similar  numbers 
calculated  for  other  bushes  and  serves  the  purpose  of  permitting  relative 
comparison  to  be  made  in  total  production  and  total  utilization  as  well  as 
percentage  utilization.  Percentage  utilization  figures  are  calculated  for 
each  plot  and  for  the  area  as  a  whole.   The  utilization  of  the  area  as  a 
whole  is  the  average  of  utilization  percentages  of  all  the  plots. 

To  determine  the  percentage  utilization  of  a  plot  —  ■ 

1.  Multiply  the  area  of  the  plant  crown  by  the  average  ungrazed 
twig  growth  of  each  plant  and  add  the  results  for  all  the 
bitterbrush  plants  on  the  plot.   This  quantity  expresses  the 
total  forage  produced. 

2.  Multiply  the  products  obtained  for  each  plant  in  step  1  by 
the  estimated  percentage  utilization  of  the  twig  growth  of 
each  plant  and  ail  the  results  for  all  bitterbrush  plants  on 
the  plot.   This  quantity  expresses  the  total  forage  grazed. 

3.  DiA^ide  the  total  forage  grazed  by  the  total  forage  produced 
and  multiply  by  100.  This  gives  the  percentage  utilization 
of  the  plot. 

Some  results  from  field  use  of  this  method 

The  method  described  above  was  used  to  measure  grazing  of  bitter 
brush  on  the  Modoc  National  Forest  during  the  summer  and  winter  seasons 
of  1940  and  1941.   During  the  summer  the  area  was  grazed  primarily  by 
sheep  and  during  the  winter  by  deer.   The  stands  studied  had  an  average 
density  of  0.2  or  0.3.   Utilization  estimates  were  made  in  the  fall  af- 
ter the;  livestock  were  taken  off  the  range  and  current  twig  growth  was 
completed  and  again  the  following  spring  before  the  livestock  were  put 
back  on  the  range  and  before  new  twig  growth  started. 

The  figures  showed  that  by  October  (1940)  19  percent  of  the  cur- 
rent twig  growth  of  bitterbrush  had  been  utilized  by  sheep.   Deer  graz- 
ing in  this  locality  was  negligible  during  the  summer  because  of  the  small 
population.   From  October  1940  to  May  1941  deer  ate  51  percent  of  the 
total  twig  growth  produced  the  previous  summer.   Sheep  and  deer  together 
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ate  '^0  percent  of  the  setisonal  growth.  In  the  next  season  71  percent 
of  the  twig  growth  w&s  utilized,  38  percent  by  sheep  in  summer  and  33 
percent  by  deer  in  winter.  A  picture  of  the  summer  use  of  bitterbrush 
by  sheep  and  the  winter  use  by  deer  was  thus  obtained  for  this  area.  It, 
should  be  mentioned  that  in  sparse  bitterbrush  stands  even  a  fev\f  deer 
will  graze  the  scattered  plants  closely,  and  utilization  by  livestock 
and  by  game  cannot  be  differentiated. 

The  reliability  of  the  method  depends  principally  on  the  number  of 
plots  used  and  on  the  accuracy  of  the  estimates  of  twig  length  and  util- 
ization of  each  bush.   It  can  be  applied  to  other  browse  species  on  which 
current  twig  growth  is  easily  recognized. 
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STORAGE  AND   GERMINATION   OF  CALIFORNIA  CORK-OAK  ACORNS 


S  i  1  vi  c  ul  "tur  i  s  t , 


By 

No  To  Mirov 

Institute  of  Forest  Genetics 


INTRODUCTION 

Cork-oak  acorns  are  known  to  be  extremely  perishable,  but  exact 
information  on  their  storage  is  surprisingly  meager.   Spanish  and  French 
literature  on  the  subject  is  disappointingly  general.   Recently  some 
fundamental  work  has  been  done  in  Russia  on  cork  oak,  but  great  climatic 
and  ecologic  differences  between  southern  Russia  and  California  warrant- 
ed an  independent  study  of  handling  cork-oak  acorns  under  local  condi- 
tions.  The  numerous  cork-oak  trees  now  growing  in  California  produce  an 
ample  quantity  of  acorns  both  for  experimental  work  and,  if  economically 
handled-j  for  moderate-scale  field  planting.   The  ready  availability  of 
fresh  acorns  here  in  California  is  an  advantage  in  experimental  storage 
and  germination.   On  the  other  hand,  gathering  acorns  from  widely  scat- 
tered trees  whose  pedigree  is  not  known  to  the  experimenter  is  a  serious 
drawback  in  research.  ,  . 


In  Europe  cork  is  harvested  from  three  species  of  oaks   Quercus 
suber  L.,  Q.  occidentalis  Gay  (which  is  considered  by  some  as  a  variety 
of  Q..  suber');,  and  Q.  pseudosuber  Santi  (which  is  a  hybrid  between  _Q^ 
suber  and  Q.  cerris).   Q.  pseudosuber  is  of  a  limited  distribution  and 

It  is  doubtful  if  this  oak  has 


it  produ(3es 
been  introdu 
mental  condi 
grows  c  The 
tudinal  and 
quirementso 
of  cork  oak. 


cork  of  an  inferior  quality, 
ced  to  California.   Q  suber  grows  in  Europe  under  environ- 
tions  very  different  from  those  under  which  Q.  occidentalis 
two  trees  differ  a  great  deal  in  their  heightj  their  lati- 
altitudinal  distributions  and  their  soil  and  climatic  re- 
Besides  these  two  major  forms  there  are  many  ecologic  races 
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Cork  oak  has  been  grown  in  California  since  the  fifties,  and  at 
present  there  are  several  groves  and  numerous  individual  trees  scattered 
throughout  the  warmer  parts  of  the  State.  Cork-oak  trees  are  found  in 
southsrn  California,  in  the  Sacramento  and  San  Joaquin  valleys,  and, in ■ 
some  localities  of  the  central  coastal  regions,  sucl\  as .  in  the  vi'Sinity 
of  San  Francisco  Bay,  Napa,  and  Sonoma.   The  most  northern  localities 
that  cork  oak  was  planted  on  the  coast  appear  to  be  near  For tuna  and  in 
the  interior  in  the  Sacramento  valley  near  Chico.   In  the  Sierra  Nevada 
foothills  cork-oak  trees  are  found  as  high  as  2,600  feet  above  sea  level. 

In  the  introduction  of  cork  oak  to  California,  apparently  no 
attempts  were  made  to  plant  different  varieties  of  cbrk  oaks  in  appro 
priate  places.  Judging  from  the  size  of  acorns  and  the  timeVtif  fruiting, 
it  appears  that  many  different  varieties  of  cork  oak  were  introduced  to 
California.   To  consider  the  taxonomic  and  ecologic  variations  of  Cali- 
fornia cork  oaks  is  beyond  the  scope  of  this  paper,  but  it  is  necessary 
to  point  out  that  the  acorns  used  in  the  experiments  did  not  necessarily 
belong  to  the  same  variety  of  cork  oak.   The  material  used  was  by  no 
means  taxonomically  homogeneous. 

In  a  preliminary  study  the  heterogeneity  of  the  acorns  did  not 
seem  too  important,  since  the  acorns  received  from  many  localities  ex- 
hibited similar  tendencies  in  germination  and  storage.   In  further 
studies  it  appears  desirable  to  use  more  homogeneous  material, 

CHARACTERISTICS  OF  CALIFORNIA  CORK-OAK  ACORNS 

Cork  oak  belongs  to  the  white  oak  group  and  its  acorns  possess 
most  of  the  distinguishing  characteristics  of  the  group.  White-  oak 
acorns,  including  those  of  cork  oak,  usually  germinate  in  the  autumn, 
and  black- oak  acorns  usually  do  not  germinate  until  spring.    In  other 
words,  the  former  do  not  exhibit  the  phenomenon  of  dormancy,  but  the 
latter  do  and  are  accordingly  characterized  by  delayed  germination 
(Korstian,  6) . 

Cork-oak  acorns  germinate  promptly  after  they  fall  from  the  trees, 
provided,  of  course,  that  the  ground  is  moist.  Although  they  germinate 
slowly  at  tem.peratures  as  low  as  32°F.,  the  optimum  temperature  for  their 
germination  is  between  59°  and  77°  F.  (Pravdin,  8). 

In  some  respects,  however,  germination  of  cork-oak  acorns  differs 
considerably  from  that  of  other  oaks,  and  this  difference  has  an  impor- 
tant bearing  on  their  practical  handling.   In  all  oaks  germination  be 
gins  with  longitudinal  splitting  of  the  shell  (fruit  coat)  at  the  apex 
of  the  acorn.   The  radicle  then  emerges  and  the  petioles  of  the  cotyledons 
elongate  so  that  they  carry  the  plumule  outside  of  the  shell  (Korstian, 
6).   In  most  oaks  the  hypocotyl  is  very  short.   In  ^.  robur  it  is  only  2 
to  3  mm.  long.   In  ^.  pedunculata  also  it  is  almost  wanting;  2  months 
after  germination,  when  the  shoot  reaches  11  cm.  and  the  root  is  33  cm. 
long,  the  hypocotyl  is  only  0.3  cm.  long  (Kirchner  et  al.,  5).   The  be- 
havior of  cork  oak  is  different.   Germination  is  prompter  than  in  many 


other  white  oaks.   The  root  emerges  very  soon  after  the  acorns  are 
planted  —  in  2  or  3  days.   The  shoot  appears  in  7  to  10  days  after 
planting.  From  table  1  it  is  seen  that  the  appearance  and  growth  of 
the  shoot  in  relation  to  the  root  vary  a  great  deal. 

Table  1.-  Shoot  and  root  length  of  a  few  cork-  oak  seedlings 


Length  in  cm. 


Shoot 


Root 


Root- shoot  ratio 


0.25 

0.75 
1.0 

5.5 


15.5 
9.0 
5.0 

23.5 


62  :  1 

12  :  1 

5  :  1 

4  :  1 


The  most  interesting  thing  about  the  germination  of  cork  oak  is 
that  the  first  10  -  15  cm.  of  the  "root"  is  not  a  root  proper,  but  the 
hypocotyl;  it  has  th-e  anatomical  structure  of  a  stem  and  not  of  a  root 
(Pravdin,  8) .  At  10  to  1^  Cm.  below  the  cotyledons  the  real  root  ap- 
pears.  The  firso  stage  of  germination  consists  of  intercalary  growth. 
This  intercalaiy  growth  takes  place  in  the  zone  in  which  the  cotyledons 
are  attached  to  the  stem.  Two  rows  of  buds  are  formed  on  the  whole 
length  of  the  hypocotyl.  When  the  plumule  or  the  young  shoot  is  re- 
moved these  hypocotyl  buds  develop  into  shoots,  as  shown  in  figure  1. 
Root  hairs  are  formed  frequently  on  the  hypocotyl.   It  is  rather  a  wide 
spread  opinion  that  decapitated  cork-oak  seedlings  give  root  sprouts. 
In  view  of  the  facts  noted  above,  it  is  seen  that  of  the  subterranean 
parts  of  the  seedlings  only  the  hypocotyl  forms  epicormic  1/  buds  that 
may  give  rise  to  shoots.   The  root  proper  does  not  produce  epicormic 
buds. 


Cork-oak  acorns  used  in  these  experiments  were  collected  chiefly 
in  two  California  localities:   from  a  38-year-old  plantation  near  Chico 
and  from  20-year-old  roadside  trees  at  the  University  of  California, 
Davis,  in  November  and  December  1942.   In  room- storage  tests,  acorns 
collected  in  the  Napa  valley  were  used.   Smaller  lots  were  received 
from  several  other  places  in  California,  but  the  acorns  of  these  lots 
were  used  only  for  determining  variations  in  size  and  not  for  storage 
or  germination  tests. 

The  acorns  collected  in  California  in  the  autumn  of  1942  varied 
-greatly  in  size  and  accordingly  in  number  per  pound.   The  weight  (<£   100 
acorns  in  grams  and  the  number  of  acorns  in  a  pound  are  given  in  table  2 
for  several  representative  samples. 


1/  Since  the  writer  is  in  doubt  whether  the  buds  formed  on  the  hypo- 
cotyl are  dormant  buds  or  adventitious  ones,  the  more  general  term 
"epicormic"  is  used. 
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Figure  lo-  Development  of  shoots  from  hypocotyl  buds 
of  decapitated  cork-oak  seedlings. 
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Table  2.-   Weight  of  100  cork-oak  acorns  in  grams  and  number  of  acorns 
in  a  pound  of  several  lots  collected  in  California  in  1942 > 


Origin 


Weight  of   :Number  in: 

100  acorns  ;  a  pound  ;  Size  of  acorns 


Rich  Ranch,  Kern  County 

State  Hospital,  Napa  County 

University  of  California  campus,) 

Davis,  Yolo  County  ) 

Eidwell  Park,  Chico,  Butte  County 
II      II      II      II      II 

Street  tree,  Sonora 


grams 

805 
675 
512 
448 
375 
315 
165 


56 

Extra  large 

67 

Large 

89 

Average 

101 

Average 

121 

Average 

144 

Average 

275 

Extra  small 

Moisture  content  of  cork-oak  acorns  and  its  relation  to  germination 

The  moisture  content  of  one  lot  of  fresh  acorns  was  determined  at 
the  San  Dimas  Experimental  Forest  ^ .      Some  of  the  acorns  were  collected 
from  the  tree,  but  the  majority  were  picked  up  from  the  lawn  within  5 
days  after  they  had  fallen  from  the  tree.   The  moisture  of  the  acorns, 
determined  by  the  xylene  distillation  method  the  day  after  collection, 
was  75  percent  of  the  dry  weight  of  the  acorns. 

At  Berkeley  the  writer  determined  the  moisture  content  of  four 
lots  of  cork-oak  acorns  by  drying  100  acorns  of  each  lot  at  221°  F.  for 
24  hours.   The  moisture  content  was  calculated  on  the  basis  of  the  oven- 
dry  weight  of  the  acorns.   The  results  are  given  in  table  3. 

Table  3.-  Moisture  content  of  four  lots  of  California  cork-oak  acorns 


:          :  Date  of 

:Moisture 

Origin 

:          :  arrival 

:   Date  of 

: content, 

and 

:   Date  of  :    at 

: Temperature. 

determining 

:based  on 

lot 

: collection: laboratory 

:   during 

moisture 

: oven-dry 

numb  er 

:(all  1942): (all  1942) 

storage 

content 

:  weight 

Percent 


Chico  #1 
Chico  #2 
Davis  #1 
Davis  #2 


Nov. 

17 

Nov. 

25 

32° 

F 

Nov. 

17 

Nov. 

25 

32° 

F 

Dec. 

13 

Dec. 

15 

40° 

F 

Nov. 

16 

Nov. 

27 

40° 

F 

Dec.  22,  1942  57 

Dec.  23,  1942  73 

Jan.  4,  1943  67 

Nov.  28,  1942  77 


2/  Jerome  S.  Horton  of  the  San  Dimas  staff  made  this  determination, 
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The  moisture  content  of  Chico  lot  #1  seems  to  be  abnormally 
low  and  of  the  other  lots  about  equal.   The  acorns  of  Chico  lot  ^1 
and  Davis  lot  ^1  apparently  lost  some  moisture  in  transit.   Judging 
by  Horxon's  data  and  by  the  figures  obtained  by  the  writer  with  Chico 
lot  ^1  and  Davis  lot  ^2,  it  may  be  concluded  that  moisture  content  of 
the  ripe  acorns,  when  they  begin  to  fall  from  trees,  is  between  75  and 
80  percent. 

In  order  to  determine  the  moisture  content  at  which  cork-oak 
acorns  lose  their  viability,  further  tests  were  made  with  the  above- 
mentioned  lots  of  acorns.  At  the  time  of  determining  the  initial 
moisture  content,  a  quantity  of  acorns  was  brought  to  the  laboratory 
(where  the  temperature  was  about  77°  F. )  and  spread  on  a  bench.   At 
predetermined  intervals  100  acorns  were  withdrawn  from  each  lot;  50 
were  used  for  determining  moisture  content  and  50  for  determining  ger- 
mination capacity.   Germination  tests  were  made  in  the  greenhouse  in 
which  the  temperature  fluctuated  between  60°  and  80°  F.   The  results  of 
these  tests  are  shown  in  table  4  and  in  figure  2. 

Table  4.-  Loss  of  viability  of  California  cork-oak  acorns  with  loss 


of  moistrare 

i  n  s  to  re  g 

=i   , 

Origin 
and 
lot 

Moisture 
and 

germination 

Days 

stored  in  la 
at  80°  F. 

bora 

tory 

number 

0 

2 

3 

4 

5 

6 

7 

8   9 

10 

12 

Chico  #1 

Moisture 
Germination 

58 
76 

49 
60 

Percent 
40 
20 

32 

5 

28 

0 

24 
0 

22 

0 

Chico  #2 

Moisture 
Germination 

73 
80 

60 
64 

46 
38 

35 
4 

30 
0 

Davis  #1 

Moisture 
Germination 

67 

92 

56 
58 

45 

34 

38 

10 

33 
0 

Davis  #2 

Moisture 
Germination 

77 
90 

68 

64 

54 

29 

38 
5 

35 
0 

The  following  conclusions  can  be  drawn  from  these  experiments: 

1.  The  moist-are  content  of  freshly  collected  acorns  is  apparently 
between  70  and  80  percent. 

2.  A  moderate  (perhaps  10  percent)  loss  of  moisture  between 
harvesting  and  planting  acorns  is  not  detrimental  to  the  viability  of  the 
acorns . 

3.  In  a  warm  room  loose  cork-oak  acorns  lose  moisture  very 
rapidly  and  after  only  5  or  6  days  most  of  the  acorns  perish. 

4.  When  the  moistu.re  content  of  the  acorns  reaches  30  to  35  per- 
cent, they  lose  their  viability. 
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Figure  2,     Loss  of  moisture  and  decrease  in 
germination  with  storage  of  cork  oak  acorns „ 
(Figures  in  circles  denote  germination  percentage 
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In  order  to  preserve  a  high  degree  of  viability  in  cork  oak 
acorns,  their  moisture  content  should  be  kept  well  above  35  percent 
and  as  close  to  the  original  moisture  content  as  possible.  No  attempt 
should  be  made  to  germinate  cork- oak  acorns  when  their  moisture  content 
is  below  30  to  35  percent, 

EXPERIMENTS  WITH  STORAGE  OF  CORK  OAK  ACORNS 

As  cork  oak  acorns  are  extremely  perishable,  some  experiments 
were  started  late  in  1942  to  determine  the  best  conditions  for  storage. 
The  following  storage  conditions  were  tested: 

Warm  room  storage  (70^  80^  F.) 

Loose,  in  laboratory.   See  preceding  discussion  of  moisture  con- 
tent of  cork- oak  acorns. 

Paper  bags.  For  this  test  100  acorns  were  placed  in  each  bag. 

Mixed  with  sand  in  an  open  wooden  box. 

In  airtight  jars,  in  laboratory.   See  discussion  of  preparation 
of  cork-oak  acorns  for  shipment. 

Cold  storage  (52^  F.) 

Paper  bags.   Same  procedure  was  used  as  in  warm  room  storage. 

Mixed  with  sand  and  kept  in  airtight  5- -gallon  can.   The  acorns 
were  mixed  half  and  half  by  volume  with  air-  dry  sand. 

Bulk,  in  an  air-tight  5-gallon  can. 

This  experiment  was  started  4  weeks  later  than  the  other  experi 
ments;  during  that  time  the  acorns  were  stored  in  a  burlap  sack 
at  40°  F. 

In  moist  peat,  in  a  10- gallon  can. 

For  this  method  of  storage,  known  as  stratification,  an  ash  can 
was  provided  with  an  opening  at  the  bottom,  and  a  central 
aeration  well  was  made  of  coarse  screen,  in  order  to  assure  free 
circulation  of  air.   The  can  was  loosely  covered  with  a  lid. 

In  100  pound  burlap  sacks. 

This  was  an  incidental  test  of  a  lot  of  10  sacks  brought  from 
Chico  early  in  January  and  stored  in  a  commercial  cold-storage 
house  for  10  weeks  prior  to  distribution. 

In  the  warm-room  storage  test,  acorns  collected  in  the  Napa  valley 
were  used.   In  the  cold-storage  tests  acorns  collected  at  Davis  were  used. 
Using  cork-oak  acorns  from  two  different  localities  in  one  experiment  was 
perhaps  not  desirable,  but  since  acorns  received  from  many  localities  in 
California  show  very  similar  behavior  in  storage  and  germination,  the  re 
suits  are  considered  reliable  enough  for  general  application. 


The  procedure  for  testing  the  viability  of  acorns  stored  under 
different  conditions  was  as  follows:   An  initial  test  of  400  acorns  was 
made  and  afterwards  100-acorn  lots  were  withdrawn  from  storage  at  pre- 
scribed intervals  and  germinated  in  the  greenhouse  in  wooden  flats  filled 
with  a  mixture  of  sand  and  peat.   Germination  counts  were  made  and  the 
behavior  of  the  germinating  acorns  was  observed.  The  acorns  were  con- 
sidered to  have  germinated  when  a  normal  and  healthy  root  emerged  from 
the  shell  to  about  one-half  inch.   The  shoot  usually  appeared  from  1  to 
2  weeks  after  the  emergence  of  the  root.  Under  certain  circumstances 
the  rooted  acorns  never  developed  a  shoot.  This  phenomenon  will  be  dis- 
cussed later.   The  results  of  the  storage  tests  are  presented  in  table  5, 

In  a  warm  storage  room  viability  of  cork-oak  acorns  kept  in  paper 
bags  decreased  rapidly  and  after  2  weeks  it  reached  a  very  low  level. 
The  acorns  kept  in  an  open  container  filled  with  dry  sand  retained  their 
viability  for  a  longer  time;  cork-oak  acorns  can  be  kept  under  these  con- 
ditions for  perhaps  10  days,  but  not  longer.  Unfortunately  room  storage 
in  airtight  containers  was  omitted  from  this  series  of  tests.  Later  ex- 
periments of  this  kind  (see  Preparation  of  cork-oak  acorns  for  shipment, 
p.  14)  showed  that  in  airtight  quart  jars  the  acorns  can  be  kept  at  room 
temperature  of  about  77°  F.  for  2  weeks. 

Keeping  the  acorns  in  small  individual  paper  bags  in  cold  storage 
was  also  found  to  be  unsatisfactory.   Apparently  the  acorns  lose  m.oisture 
too  rapidly  under  these  conditions.   On  the  other  hand,  if  stored  in 
100-pound  burlap  sacks  they  can  be  kept  in  cold  storage  for  as  long  as 
10  weeks  without  appreciable  loss  of  viability.  Keeping  oak  acorns  in 
a  moist  medium  with  an  abundance  of  air  (i.e.,  stratification)  has  been 
advocated  by  Johannsen(4) .   In  the  present  study,  stratification  of  cork 
oak  acorns  as  a  means  of  storage  was  found  unsuitable.   Germination  took 
place  even  at  32°  F.,  although  it  progressed  but  slowly.   After  4  months 
of  stratification  the  tips  of  emerged  roots  turned  brown  and  died.   At 
first  this  did  not  affect  the  development  of  seedlings.  New  roots  were 
formed  from  the  hypocotyl  and  since  the  shoot  bud  was  not  killed  the 
germinating  acorns  developed  a  healthy  top.  But  gradually  the  rot  crept 
up  from  the  root  and  when  the  plumule  was  affected,  the  acorns  became 
unsuitable  for  planting.   After  32  weeks  of  stratification  only  36  per 
cent  of  the  acorns  developed  a  shoot. 

Treatment  of  stored  cork-oak  acorns  with  naphthaleneacetic  acid. 

Guthrie  (3)  has  shown  that  naphthaleneacetic  acid  has  an  inhibit 
ing  effect  on  the  development  of  buds  of  potato  tubers.   It  appeared 
desirable,  therefore,  to  try  this  chemical  as  a  germination-inhibitor  of 
stored  cork-oak  acorns.  On  December  17,  1942,  two  1-gallon  jars  were 
filled  with  freshly  collected  acorns.   In  one  jar  a  small  beaker  was  in 
sorted  containing  2.5  grams  of  crystalline  alpha-naphthaleneacetic  acid; 
the  acorns  in  the  other  jar  remained  untreated  and  served  as  control. 
Both  jars  were  tightly  stoppered,  and  100  acorns  were  withdrawn  from  the 
jars  at  certain  intervals.  At  the  time  of  writing  this  report  (September 
1943),  control  acorns  still  gave  about  100  percent  germination.   The  effect 
of  naphthaleneacetic  acid  is  shown  in  table  6  and  figure  3. 
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Figure  3.-  Effect  of  naphthaleneacetic  acid  on 

ge  m  nation  of  cork-oak  acorns.  Untreated  acorns 
developed  normally;  those  kept  in  presence  of  the 
acid  for  132  days  failed  to  develop  shoots . 
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Table   6«-   Germination  and   development  of  stored   cork-oak 
acorns   treated  with  naphthaleneacetic   acid. 


Date 

:Length  of: 
:  storage  s 

Days  germina 

ted 

stored 

1 

3 

7 

21 

28 

63  : 

Days 

Perce 

nt 

Dec.  17 

0 

0 

90 

100 

?eb.  1 

45 

0 

88 

100 

Mar.  1 

73 

0 

94 

100 

Mar.  29 

102 

0 

0 

3 

56 

84 

Apr*  28 

132 

0 

0 

0 

0 

1 

36 

May  24 

158 

0 

0 

0 

0 

0 

8 

June  19 

184 

0 

0 

0 

0 

0 

Development 


All  developed  shoots. 
All  developed  shoots. 
All  developed  shoots. 
Only  14^  developed  shoots 
No  shoot  development. 
No  shoot  development. 
No  shoot  developmentc 


It  is  seen  from  table  6  that  73  days  of  storage  in  the  presence  of 
naphthaleneacetic  acid  has  no  effect  on  germination  and  immediate  develop- 
ment of  the  acorns.   The  shoots  developed  normally.   Acorns  kept  in  the 
presence  of  the  chemical  for  more  than  73  days  differed  markedly  from  the 
control  acorns.   One  week  after  planting,  82  percent  of  the  control  acorns 
developed  normal  roots  averaging  35  mm.  in  length,  but  only  14  percent  of 
the  treated  acorns  developed  roots,  these  averaging  21  mm.  in  length.   The 
longer  the  acorns  were  kept  under  the  influence  of  naphthaleneacetic  acid 
the  more  evident  became  the  inhibiting  effect  of  the  chemical  on  the  de- 
velopment of  the  acornso   Apparently  it  was  killing  the  meristems  of  both 
shoot  and  root;  vi/hen  the  root  meristem  was  killed  additional  roots  were 
formed  above  the  root's  tip.   These  roots  had  the  appearance  of  distorted 
appendages.   In  many  cases  when  plumule,  hypocotyl,  and  root  were  killed, 
filiform  roots  developed  on  the  petioles  of  the  cotyledons.   This  interest- 
ing phenomenon  will  be  discussed  later. 

Treatment  of  acorns  with  naphthaleneacetic  acid  has  a  peculiar 
effect.   First,  it  arrests  development  of  the  shoots;  after  more  prolonged 
treatment  it  kills  both  root  and  shoot  apical  meristems  but  it  does  not 
kill  cotyledons.  When  untreated  acorns  are  placed  in  germination  flats 
they  either  germinate  or  rot,  depending  on  their  viability,  but  when 
acorns  are  kept  in  cold  storage  in  the  presence  of  naphthaleneacetic  acid 
say,  for  150  or  180  days,  and  are  subjected  to  germination  tests,  they 
neither  germinate  nor  rot.V  They  rupture  the  fruit  coat,  increase  in 
size,  and  acquire  a  dark  green  color.   Many  of  them  eventually  develop 
fibrous  roots «   Some  of  these  rooted  acorns  have  been  under  observation 
for  8  months  and  they  look  as  healthy  as  at  the  beginning  of  the  experi- 
ment.  Since  the  cotyledons  have  acquired  a  green  color  —  i.e.  developed 
chlorophyll  —  they  can  photosynthesize  and  will  probably  live  for  a  long 
timeo   However,  they  cannot  develop  bud-producing  initials.   In  this  re- 
spect they  resemble  leaves  of  certain  plants,  such  as  Ficus  elastica, 
which  can  develop  roots  but  not  shoots. 


3/  A  similar  phenomenon  occurs  when  the  plumule  and  the  hypocotyl  are 
injured  by  fungi. 
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The  capacity"  of  developing  roots  on  cotyledons  has  apparently 
never  been  observed  on  plants  other  than  cork  oak.   This  phenomenon  was 
described  by  Pravdin  (8)  and  has  been  verified  during  the  present  experi- 
ments.  (Pravdin's  work  was  not  known  to  the  author  at  the  time  the  ex- 
periments were  performed.)   Although  of  no  immediate  practical  importance, 
this  unusual  phenomenon  is  of  considerable  scientific  interest  and  value. 

Since  cork-oak  acorns  have  a  peculiar  capacity  to  develop  roots 
without  developing  shoots,  it  appears  advisable  at  least  in  practical  work 
to  judge  viability  of  the  acorns  only  by  their  capacity  to  develop  shoots. 

The  experiment  indicates  that  moderate  treatment  with  naphthalene- 
acetic  acid  may  be  used  to  prevent  immediate  germination  of  newly  harvested 
cork-oak  acorns.  More  experiments  of  this  kind  are  p  anned  for  the  1943 
harvesting  season. 

Treatment  of  stored  cork-oak  acorns  with  some  other  substances 

Naphthaleneacetic  acid  is  not  the  only  chemical  material  that  re- 
tards the  growth  of  plants.   It  has  been  found  by  Denny  (l)  and  Guthrie 
(3)  that  derivatives  of  this  acid,  such  as  its  methyl  ester,  are  even  more 
efficient  in  arresting  growth  than  the  acid  itself.  Marth  (7)  used  also 
naphthaleneacetonitrile  for  checking  the  bud  development  of  stored  rose 
bushes.   Sell  et  al.  (9)  prolonged  dormancy  of  tung  tree  buds  by  treating 
them  with  naphthaleneacetic  amide.   It  appears  that  many  other  substances 
that  interfere  with  the  orderly  metabolism  of  plants  affect  their  growth. 
Gray  and  Fuller  (2)  investigated  a  possible  effect  of  mercury  vapors  on 
germination  of  various  vegetable  seeds;  they  reported  that  the  seeds  kept 
in  the  presence  of  mercury  for  6  months  suffered  no  ill  effect.   It  has  also 
been  shown  that  growth-regulating  substances  are  found  in  tar  and  in 
petroleum  oil.   It  appeared  of  interest  to  Investigate  the  effect  of  these 
substances  on  cork-oak  acorns.  Methyl  ester  and  acetonitrile  of  naphthalene- 
acetic acid  were  not  obtainable,  but  a  test  was  made  with  the  other  sub 
stances  mentioned  —  mercury,  asphaltum  varnish,  and  acetamide  of  naphthalene- 
acetic acid> 

Four  1- quart  jars  were  filled  on  March  ±2   with  acorns  of  high 
viability  (previously  stored  in  dry  sand  in  an  airtight  can) .   To  the  first 
jar  was  added  10  cc.  of  mercury,  to  the  second  jar  an  equal  amount  of 
asphaltum  varnish,  to  the  third  jar  2.5  grams  of  acetamide  of  naphthalene- 
acetic acid.   The  acorns  in  the  fourth  jar  were  not  treated  and  served  as  a 
check.   After  2   months  acorns  were  withdrawn  from  each  jar  and  germinated. 
The  results  of  this  test  are  presented  in  table  7  and  figure  4. 
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Table   7o-  Germination  and   development  of  cork-oak  acorns 
stored   for   2  months   under  different  treatment Sc 


Germination 


Treatment 

•    10 
s   days 

•    18 

s   days 

Percent 

Percent 

Not  treated 

96 

98 

Mercury 

100 

100 

Asphaitum 

"Varnish 

98 

98 

Acetamide 

82 

94 

s  Number  of 

?  Average_l/ 

%    seedlings 

%   height  of 

s  with  tops 

s  seedlings 

43 

5o9  cmo 

46 

7o8  cmo 

40 

3o4  cmo 

28 

2c4  cmo 

Remarks 


l/  Measurement  of  the  tops  was  made  on  June  17c   A  statistical  analysis 
showed  the  difference  in  height  growth  to  be  highly  significant o 

From  the  germination  behavior  of  the  acorns  withdrawn  2  months 
after  the  beginning  of  the  experiment,  it  appears  that  acetamide  definitely 
retarded  development  of  the  roots  and  the  shootso   Asphaitum  varnish  re- 
tarded development  of  the  shoots,  although  the  roots  developed  normally^ 
The  effect  of  mercury  was  unexpected?   the  acorns  treated  with  this  sub- 
stance germinated  the  best  and  showed  the  most  vigorous  root  development 
and  the  best  shoot  growth  when  measured  1  month  after  planting  the  acorns « 
The  results  of  this  experiment  warrant  a  further  investigation  of  the 
effect  of  acetamide  of  naphthaleneacetic  acid  as  a  growth-arresting  agent 
for  stored  acornso 

PREPARATION  OF  C0RK=0AK  ACORNS  FOR  SHIPPING 

Maintaining  viability  of  cork^oak  acorns  during  transport  from 
the  place  of  harvest  to  the  locality  of  planting  is  essentially  a  problem 
of  storage^   Experience  with  storage  of  cork-oak  acorns  suggests  that  if 
freshly  collected  acorns  are  packed  in  burlap  sacks  holding  about  100 
pounds,  they  can  be  shipped  by  truck  to  any  point  in  the  State  where 
cork  oak  is  to  be  planted o   Low  temperatures  prevailing  during  the  ripen- 
ing season  of  the  acorns  and  a  distance  measured  by  only  a  few  days  of 
travel  assure  perfect  preservation  of  the  viability  of  the  acorns o   If 
the  shipment  of  acorns  is  delayed  and  made  by  freight  train  for  a  long 
distance,  the  problem  becomes  more  difficulto 

Experiments  to  determine  the  maintenance  of  viability  in  transit 
consisted  in  storing  the  acorns  in  a  warm  room  under  different  conditionso 
In  one  experiment  freshly  collected  acorns  were  dipped  in  either  melted 
paraffin  or  liquid  wax  and  kept  on  the  laboratory  bench  for  19  dayso_^ 


4/  Pravdin  (8)  reported  that  he  put  lots  of  50  cork-oak  acorns  in  small 
metal  containers  and  poured  melted  paraffin  into  the  containers  <,  After 
30  days  of  room  storage j  the  acorns  gave  100  percent  germinationo 
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12  3  4 

Figure  4.-  Development  of  cork-oak  see(ilins:s  after  treatment  of 
the  acorns  for  2  months  witii  niffjsrent  substances.  Acorns  were 
(1)  treated  with  acetamide  of  napnthaltaeacetic  acia,  (2)  treated 
with  asphaltum  paint;  (3)  untreated;  (4)  kept  in  presence  of 
mercury. 


1  2         3        4  5  6 

Figure  5.-  Seedlings  grown  from  cork-oak  acorns  treated  and  un- 
treated with  commercial  wax  emulsion.   Treatments  and  containers 
(described  in  table  8)  were  i'l)    untreated,  jars;  (2)  wax  and 
naphthalenaecetic  acid,  bags;  (3)  wax  and  naphthaleneacetic  acid, 
jars;  (4)  wax,  bags;  (5)  wax,  jars;  (6)  untreated,  bags.  Note 
checking  of  growth  of  seedlings  when  naphthalenaecetic  acid  was 
added  to  wax  emulsion. 
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Germination  of  the  paraffin-dipped  acorns  amounted  to  54  percent  in 
7  days;  those  dipped  in  liquid  wax  did  not  germinate;  untreated 
freshly  collected  acorns  gave  94  percent  germination. 

In  another  experiment  the  acorns  were  kept  for  2  weeks  under 
conditions  shown  in  table  8o   The  liquid  wax  used  in  these  tests  as 
a  preserving  agent  was  a  commercial  wax  emulsion  used  previously  by 
several  workers  to  prevent  the  escape  of  moisture  from  plant  material. 
In  the  present  experiments  1  part  of  the  emulsion  was  mixed  with  2 
parts  of  water;  the  acorns  were  dipped  in  the  emulsion  and  allowed  to 
dry  for  30  minutes  before  they  were  put  in  containers. 

Table  8.-  Storage  of  cork-oak  acorns  under  conditions  to 
be  used  in  shipment. 


Treatment  and  container  :   Germination 

for  2-week  period  :   in  7  days^y 

Percent 

Untreated 

Paper  bags  0 

Airtight  quart-size  glass  jars  96 

Dipped  in  1 : 2  solution  of  commercial  wax  emulsion 

Paper  bags  0 

Airtight  quart-size  glass  jars  90 

Dipped  in  1 ! 2  solution  of  commercial  wax  emulsion 

to  which  OoS  grams  of  napthaleneacetic  acid  had 

been  added. 

Paper  bags  0 

Airtight  quart-size  glass  jars  94 

\j    Control  acorns,  taken  directly  from  cold  storage  and  planted,  gave 
96  percent  germination. 


Dipping  in  a  solution  of  commercial  wax  emulsion  did  not  prevent 
the  loss  of  moisture  from  the  acornso   Packing  acorns  in  airtight  jars 
preserved  their  original  viabilityo  A  slight  odor  of  fermentation  in 
the  jarsj  resembling  the  odor  of  apples,  was  probably  due  to  spoiling 
of  one  or  two  acornso   It  is  evident  from  table  8  that  treatment  of  jar- 
stored  acorns  with  wax  emulsion  is  not  necessaryo   Addition  of  naphthalene- 
acetic  acid  to  wax  emulsion  caused  the  usual  retarding  effect  on  develop- 
ment of  the  acorns o   The  results  of  this  experiment  are  shown  in  figure  5o 
The  photograph  was  taken  3  months  after  planting. 

In  view  of  our  present  experience,  however  meager,  the  shipping 
of  acorns  in  bulk  should  be  avoidedo   The  best  method  of  shipping  cork- 
oak  acorns  is  to  pack  them  in  100-pound  burlap  sacks  and  keep  them  under 
refrigeration  (from  32°  to  40°  Fo)  while  in  transit.   Small  samples  of 
acorns  packed  in  airtight  quart-size  containers  can  withstand  at  least 
a  2-week  oeriod  in  transito 
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SUMMARY  MD  CONCLUSION 

This  report  covers  the  first  year  of  experimental  work  with 
germination  and  storage  of  cork- oak  acorns.   Cork -oak  acorns  are  very- 
similar  to  acorns  of  all  other  species  of  the  white  oak  group,  but 
they  do  not  exhibit  the  dormancy  phenomenon  sfnd  they  germinate  as  soon 
as  they  fall  from  the  trees  in  the  autumn.   The  acorns  gathered  in  the 
fall  of  1942  in  different  localities  of  California  usually  varied  in 
weight  from  90  to  150  acorns  to  the  pound,  although  occasionally  the 
acorns  were  much  larger  or  much  smaller.   The  moisture  content  of  Cali- 
fornia cork-oak  acorns  is  about  75  to  80  percent  of  their  dry  weight; 
when  their  moisture  is  decreased  to  30  or  35  percent  the  acorns  lose 
their  capacity  to  germinate.   In  order  to  assure  high  viability  of 
stored  cork  oak  acorns,  their  moisture  content  should  be  maintained  at 
a  high  level. 

Germination  of  cork  oak  acorns  has  certain  peculiarities.   The 
initial  stages  of  germination  are  accompanied  by  extensive  growth  of 
the  hypocotyl,  which  reaches  an  underground  length  of  10  to  15  cm. 
Many  buds  are  formed  on  the  hypocotyl  and  these  are  capable  of  sprout- 
ing when  the  plumule  is  dead  or  when  the  main  shoot  has  been  removed. 
This  capacity  of  developing  hypocotyl  buds  has  practical  importance  in 
assuring  the  survival  of  cork  oak  transplants  when,  for  instance,  the 
shoot  is  clipped  off  by  rodents. 

Storage  of  cork  oak  acorns  at  room  temperature,  either  in  bulk 
or  in  containers,  is  not  recommended.   Viability  of  the  acorns  can  be 
maintained  in  cold  storage  (32°  -  40°  F..)  for  10  weeks  if  they  are 
packed  in  large  burlap  sacks  or  for  10  m.onths,  possibly  longer,  if  they 
are  mixed  with  dry  sand  in  airtight  5  gallon  cans.   Stratification  in 
moist  peqst  is  not  advisable. 

The  effect  of  growth  inhibiting  substances  on  germination  and 
development  of  cork -oak  acorns  was  studied.   The  experiments  seem  to 
indicate  that  treatment  with  naphthaleneacetic  acid  and  its  derivatives 
for  a  short  period  of  time  might  retard  the  germination  of  cork  oak 
acorns.  Further  experiments  are  needed  in  this  direction. 

Harvested  cork-oak  acorns  in  100  pound  burlap  sacks  can  be 
shipped  by  truck  to  place  of  planting  in  California.   Shipping  in  burlap 
sacks  by  express  or  freight  is  not  recommended.  Small  lots  can  be  sent 
in  airtight  containers  by  mail  or  express.  When  shipped  in  1  quart  jars 
the  acorns  retain  their  original  viability  for  at  least  2  weeks. 
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INTRODUCTION 

After  the  chaparral  cover  of  the  mountain  watersheds  in  southern 
California  is  burned^  damage  is  usually  done  during  winter  storms  by 
increased  riinoff  and  erosion  debris  from  the  denuded  area.   The  damage 
is  done  not  only  to  tne  works  of  man^  but  to  the  watershed  itself©   Im= 
provements  that  most  often  suffer  tangible  damage  include  water  storage 
and  diversion  structures;  roads ^  trails j  railroads ^  and  public  utility 
lines;  agricultural  land;  campgrounds,  cabins  ^  homes  s,  and  even  whole 
communities*   Other  tangible  losses  are  incurred  through  the  wastage  of 
flood  water  by^passed  to  the  ocean  because  of  its  high  silt  content  — 
water  that  would  normally  have  been  used  directly  or  conserved  in  under- 
ground basins  through  water-spreading  grounds 9 

Damage  is  also  done  to  other  values  5  intangible  as  to  dollar 
valuation  but  no  less  reale   This  includes  such  items  as  the  deteriora- 
tion of  soil  productivity  through  accelerated  erosion  in  the  burned 
area,  interruption  of  communications,  and  the  loss  of  human  lifce 

Many  years  are  required,!  under  natural  conditions,  for  regenera- 
tion of  the  plant  cover  and  the  restoration  of  normal  runoff  and  erosion 
conditions «   Many  native  chaparral  shrubs  sprout  from  their  burned 
stiimps  or  grow  from  seed  soon  after  the  fire 9  but  through  several 
growing  seasons  the  soil  between  the  shrub  st'omps  may  remain  bare  or 
develop  only  a  thin  cover  of  herbs  and  grasses o 

For  a  "first  aid"  treatment  to  help  recover  and  stabilize  the 
bare  soil 5  promote  inf iltration^  reduce  runoff  and  erosiong  and  thus 
lessen  the  damage  from  burned=area  floods^  some  plant  is  needed  that 
will  make  a  quick  growth  thoughout  the  area  in  which,  it  is  sown©   The 
seed  must  be  available  in  large  quantities  on  short  notice  at  low  cost* 
The  seed  must  sprout  quickly  ana.  survive  when  broadcast  without  seedbed 
preparation  or  covering  of  the  seed  after  sowings   The  seedlings  must 
withstand  the  heatj,  coldj,  and  drought  conditions  of  the  site*   The  sown 
crop  should  produce  dense  cover  and  durable  litter;  it  should  reproduce 
itself  for  two  or  three  years  after  sowing;  and  it  should  yield  to  the 
native  cover  when  the  native  cover  has  regrown©   Of  many  selected  plants 
tested  by  the  Forest  Service  for  this  use,  common  mustard  has  been  found 
best  in  meeting  these  requirements  in  southern  Californiao 

Mustard  sowing  alone 5  however g  can  not  wholly  prevent  damage 
from  burned=area  runoff  and  erosion;  In  fact,  no  plan°c  cover  can  be 
established  completely  and  quickly  enough  to  afford  the  degree  of  soil 
stabilization  that  was  exerted  by  the  native  vegetation  before  the 
fireo   For  full  flood  protection  other  preventive  measures  are  re= 
quired. 

These  measures  may  include  the  installation  of  debris  basins  at 
canyon  mouths;  check  dajns  or  other  structures  in  stream  channels; 
provision  for  better  drainage  along  mountain  roads;  and  the  stabili= 
zation  of  road  overcast  and  fill  slopes.   In  some  places  the  giving  of 


a  f lood-=hazard  warning  may  allow  occupants  of  an  endangered  area  to 
remove  or  otherwise  protect  improvements  against  damage »   The  detailed 
discussion  of  such  measures  is  beyond  the  scope  of  this  publication. 

This  revision  of  Research  Note  37  has  been  written  to  help 
answer  many  requests  for  Information  on  how  to  sow  mustard  received 
since  the  original  Note  was  issuedo   Since  that  time 5  too,  experience 
with  airplane  sowing  has  broadened,  and  several  sowing  jobs  ha've  been 
done  by  helicopter,.   Information  on  use  of  the  helicopter  has  been  in- 
cluded in  the  present  revisions,  which  discusses  the  essentials  of  how 
to  plan  a  mustard  sowing  jobg  how  to  conduct  itj,  and  how  to  judge  its 
success o   These  three  parts  sum  up  the  information  needed  for  a  complete 
job,  thoroughly  planned  and  fullj/  recordedo   On  jobs  involving  only  a 
few  acres  or  those  in  which  it  is  not  desired  to  maintain  a  complete 
record  of  tne  work  and  its  results  5  only  applicable  parts  of  the 
instructions  need  to  be  used.   For  agencies  desiring  to  keep  formal 
records  of  th«  w^rk  and  its  results,  samples  of  the  forms  used  by  the 
Forest  Service  are  available  on  requesto 

PIANNING  THE  JOB 

Mustard  seed  needs  only  to  be  broadcast  in  the  burned  area^ 
Because  the  seed  germinates  and  grows  readily  in  loose  and  ashy  soil, 
no  preparation  of  the  ground  in  advance  of  sowing  nor  covering  of  the 
seed  after  sowing  is  requiredo   This  simplifies  the  job,  both  in 
planning  the  work  and  in  doing  the  actual  sowing. 

The  chief  points  in  planning  the  sowing  of  a  burn  are:   the 
sowing  method  to  use^  wnere  and  when  to  sow,  and  the  seed  requirements. 
Depending  on  the  size  and  location  of  the  job,  such  details  as  clear- 
ances from  property  owners  or  from  agricultural  agents,  cooperative 
work,  and  release  of  news  stories,  may  also  require  attention* 

Sowing  Methods  I  Rates  and  Costs 

Mustard  seed  can  be  broadcast  either  by  hand  or  by  aircraft o 
It  must  be  sown  by  hand  when  the  most  careful  distribution  of  seed 
is  required  by  a  complicated  pattern  of  land  ownershipo   Hand  sowing 
may  also  be  required  in  isolated  burns  up  to  perhaps  500  acres  in  ex- 
tent, which  are  so  small  that  aircraft  operators  would  not  wish  to 
bid  on  the  job  unless  it  could  be  done  in  connection  with  some  nearby 
larger  projecto   Or  it  may  be  done  when  ample  manpower  is  available 
but  there  are  no  funds  for  aircraft  hireo   Sometimes,  when  seed  and 
hand  labor  are  immediately  available,  the  sowing  might  be  started  by 
hand  in  order  to  get  critical  parts  of  the  burn  sown  while  arrange- 
ments are  being  made  for  aircraft  service  to  finish  the  jobo 

Sowing  by  aircraft,  which  is  especially  adapted  to  large  jobs, 
has  proved  less  costly  and  much  faster  than  sowing  by  hando   It  also 
simplifies  job  administration  by  avoiding  the  transporting,  housing. 


feeding;,  ins tructinr;,  and  supervisin<r  of  several  of  the  workers   neces- 
sary for  hand  sov/ing.   For  these  reasons,  sov/inp;  by  aircraft  is  the 
preferable  method = 

Both  the  airplane  and  the  helicopter  have  been  used  to  sow  mustard 
seed  in  burned  areas.   The  airplane  is  best  adanted  to  sowin.:;;  larre  areas 
in  solid  blocks  a^^d  of  relatively  'T:entle  tono'rraphy,,  where  the  speed  and 
large  pay  load  of  the  airplane  make  possible  bhe  fastest  job  "oerformance. 
But  the  airplane  can  onerate  only  from  a  rather  sizeable  landing  field; 
it  is  unable  to  hug  the  r^round  in  broken  terrain;  and  its  average  distance 
above  ground  while  sowing  must  be  great  enough  to  allow  snace  for  man- 
euvering at  high  speed    These  characteristics,,  coupled  wi.th  inherently 
fast  flight  and  restricted  view  of  the  ground  from  the  cockpit,  reauire 
the  use  of  ^■^round  flagmen  to  guide  the  aj  rplane  pilot  and  insure  good 
seed  di  stributiono   Moreover,,  its  flight  characteristics  make  airplane 
oneration  hazardous  in  "^l".,'-  i-ugged  mountains  where  mustard  frequently 
must  be  sown. 

Trie  heiico'oter  has  demonstrated  its  ability  to  fly  very  close  to 
the  ground,  practically  following  the  contour  in  canyons  too  deeo,, 
narrow,  and  tortuous  for  the  airplane.   The  heliconter  used  to  date 
had  a  pay- load  canacity  only  tt  to  p  that  of  airplanes  gi.)s  tomarily  used 
for  such  work  but  it  could  land  at  convenient  noints  in  the  burned  area 
and  take  on  more  seed  with'.ovt  loss  of  time..      In  fact   the  frenuent  land- 
ings m_ade  the  job  easier  by  maintaining  close  nersonal  contact  between 
the  pilot  and  the  ground  workers,.   Tlie  slow  flying  sneed  that  is  practi- 
cable with  the  helicopter  was  found  to  b e  a  great  advantage  in  mustard 
sowdngo   Coupled  with  the  ability  to  fly  close  to  the  ground  and  excel-- 
lent  visibility  from,  th-r^  uilot's  seat,  slow  speed  m.ade  possible  good 
seed  distribution  without  ground  flagmen  to  guide  the  pilot,,   Moreover„ 
the  helicopter  was  judged  to  have  a  high  safet}'  factor  for  sov/ing  mustard 
in  rugged  terrain;  its  slov/  flying  speed  lessened  the  chance  of  crashing 
into  canyon  walls,  and  it  v/as  able  to  land  almost  anywhere  without  a  pre- 
pared landing  field. 

Sowing  burned  areas  by  aircraft  is  10  to  50  times  as  fast  as 
sowing  by  hand  (table  l)    In  comparing  the  figures  in  table  1,  it  should 
be  borne  in  mind  that  present  data  on  the  helicopter  are  drawn  from  the 
first  use  of  this  aircraft  for  mustard  sowing,  operating  in  some  of  the 
most  rugged  topography  in  southern  California..   On  future  jobs,  improved 
seed  loading  techniques  and  better  organization  may  increase  the  sowing 
rate  for  the  helicopter. 
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Table  1.-  Comparative  rates  of  sowing  mustard  by  airplane. 


by  helicopter,  and 

by  hand^ 

Burned  area,     : 

national  forest,   : 

and  year  of  sov/ing  : 

Method  of  :   Area 
sowing    :   sovm 

i 

:  Sowing  time 

:   Sov/ing  rate 

Acres 

Hours 

Acres  per  hour 

San  Luis  Rey  burn, 

Cleveland,  19U7    Airplane 


Big  Tujunga  burn, 
Angeles,  I9L1.7 


Helicopter 


Indian  Canyon  burn,   Hand- 
Los  Padres,  1934   broadcast 


1,000 

960 

2,700 


5.17 


7-30 


-  2U0 . 0 


1/  A  crew  of  20  sov/ers  required  30  eight-hour  daySo 
2/  Acres  per  hour  covered  by  20-man  crewo 


315 


130- 


i/n 


As  of  December  19U7.  the  cost  of  sowing  mustard  in  burned  water- 
sheds of  southern  California  has  been  estimated  at  approximately  $lo80 
an  acre  by  aircraft,  and  $3-95  ^n  acre  by  hand  (table  2)o   These  costs 
of  mustard  sowing  are  the  highest  on  record. 


The  1947  estimates  ar 
job.  For  this  Job,  three  he 
from  |0o78  to  $1..  32  per  acre 
plane  bids  ranged  from  |0.73 
per  acre.  The  job  was  actua 
of  ^0o75  an  acre  for  flying, 
both  submitted  by  operators 
in  making  the  calculations  f 
estimated  for  a  sov/ing  rate 
for  a  20-man  sowing  crev/. 


e  from  actual  bids  on  a  1,,000-acre  sov/ing 
licopter  bids  were  received,  they  ranged 
and  averaged  ^^1,.08  per  acre.   Eight  air- 
to  $lo85  per  acre  and  also  averaged  $1.08 
lly  done  by  airplane  at  the  contract  cost 

The  lov/  bids  for  airplane  and  helicopter, 
experienced  in  sowing  mustard_„  were  used 
or  table  2„   Costs  of  hand  labor  were 
of  5  acres  per  man-day„  requiring  10  days 
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Table  2o"  Comparative  costs  of  sowing  mustard  by  airplane,  by 

helicopter^  and  by  hand,,  based  on  airplane  sow- 
ing of  San  Luis  Hey  burn,,  Cleveland  National 
Forest,  in  December  1947^ 


Item 


Cost  and  sowing  method 
.9/  . 


;  Airplane^^  :   He  1 1  copter- 


Hand 


Dollars 


Labor 

Mustard  seed-^ 

Automotive  equipment  rental 

Miscellaneous  equipment 

Total 
Overhead-/ 

Total 
Contingency  (10  percent) 

Total  project  cost 
Cost  per  acre 


V  891 

1/  919 

y 

2^475 

704 

704 

704 

5/   15 

^       12 

2/ 

53 

9 

4 

32 

1,619 

1,639 

3,264 

32 

33 

326 

1,651 

1,672 

3,590 

165 

167 

359 

1,816 

1,839 

3^949 

Ic 

82 

lo84 

3.95 

l/     Includes  $727  flying  contract  and  |i55  for  ground  workers,  plus  1 
percent  allowance  for  incidental  3,^ 

2^     Includes  $785  flying  bid  and  $125  for  ground  workers,  plus  1  percent 
allowance  for  incidentals,, 

_3/  Includes  $2251  for  hand  labor'  and  $84  for  supervision^  plus  6  per- 
cent allowance  for  incidentals  =, 

^     3350  pounds  of  mustard  seed  at  1947  price  of  $0.21  per  pounds 

5/   1  passenger  automobiles  1  jeep,  and  i  -|--tori.  pickup,  220  miles  at 

$0,07e 

6/  1  passenger  automobile,  1  ,<p  ep .  and  i  -^--ton  pickup,  165  miles  at 

"^   $0e07« 

7/  1  passenger  automobile,  and  1  -^--ton  pickup,  350  miles  at  $0,07; 
and  one  l-^-^ton  stakeside,  200  miles  at  $0«14o 

8/  Allowance  for  increased  office  work,  such  as  extra  payrolling  and 
purchasing,  required  by  the  projecto   For  hand-sowing  jobs  this  is 
estimated  at  10  percent  of  the  direct  costs;  but  on  airplane  and 
helicopter  jobs  the  number  of  extra  workers  is  so  small  and  the  job 
Is  so  quickly  done  that  an  overhead  allowance  of  only  2  percent  is 
madoe 

9/  1953  costs  for  this  type  of  flying  are  probably  30  percent  higher 
than  in  1947 « 
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Y/here  to  Sow  Mustard 

In  general,,  a  mustard  cover  would  be  beneficial  in  all  recently- 
burned  areas  in  the  chaparral  type  of  southern  California,  especially 
when  the  potentiality  exists  for  considerable  flood  and  debris  damage 
from  the  burn,.   Even  though  improvements  are  so  situated  that  they  may 
suffer  little  or  no  direct  damage  from  flood  v/aters  and  debris,,  it  may 
still  be  desirable  to  sov/  mustard  to  hasten  the  establishment  of  pro- 
tective vegetation  in  the  burned  area  and  lessen  site  deteriorationo 
These  are  basic  requirements  of  good  v/atershed  management  for  which 
mustard  sowing  is  a  relatively  inexpensive  aido   More  specifically,  the 
density  of  volunteer  native  plant  growth,  the  condition  of  the  soil, 
and  the  completeness  of  the  burn  v;ill  govern  the  sowing  of  mustard  in 
burned  areas,. 

Obviously.,  it  would  be  undesirable  to  sov/  mustard  in  burned 
areas  that  had  already  developed  an  excellent  cover  of  native  herbso 
Such  growth  might  occur  locally,  particularly  in  burns  of  early  summer 
v/ithin  the  fog  belt  near  the  ocean.   By  an  "excellent"  cover  is  meant 
herbs  of  the  density  and  grov;th  development  to  be  expected  of  mustard 
in  its  first  year:   5  o^  6  plants  per  square  foot,,  covering  at  least 
75  percent  of  the  soil  when  in  the  basal  leaf  stage,  and  growing  to  a 
height  of  3  to  U   feet  at  maturity.   If  the  native  herb  cover  has  less 
than  this  density  or  growth  development  (and  experience  has  shown  this 
to  be  the  usual  condition)  it  will  usually  be  desirable  to  sov;  mustards 

Mustard  grov;s  best  in  areas  of  loose  soil  that  vrere   dominated 
before  the  fire  by  chaparral,,  sagebrush,  or  woodland.,  at  elevations  up 
to  about  L1.5OO  feet  above  sea  level    In  such  burns  the  seed  should  be 
sown  over  all  slopes,,  regardless  of  steepness,,  exposure,,  or  site  con- 
ditions.  If  several  months  have  elapsed  since  the  fire,  and  rain  has 
fallen,  the  surface  mantle  of  loose  soil  and  ash  in  some  places  may 
have  been  washed  off  or  compacted;  nevertheless,  these  places  should 
be  included  in  the  sov/ing„  along  with  other  small  areas  in  v/hich  the 
soil  surface  v;as  barren   and  compacted  before  the  fire.   Such  compacted 
areas  are  less  favorable  for  mustard  grov/th.,  but  the  survival  of  even 
a  few  plants  v/ill  improve  the  cover. 

Mustard  is  not  usually  sovm  in  "'patchy"'  burns,  in  which  the  un- 
burned  area  greatly  exceeds  the  burned  area,,   Areas  in  which  the  fire 
burned  lightly  and  only  scorched  the  chaparral,,  leaving  some  foliage 
and  a  dense  stand  of  shrub  stems.,  do  not  require  sowings  nor  do  rocky 
talus  slopes  that  have  little  or  no  soil 

Mustard  should  not  be  sov/n  in  grassland.,  such  as  potreros  or 
mountain  meadows,  because  its  introduction  into  such  grazing  areas  is 
undesirable  and  the  scorched  sod  usually  gives  adequate  protection  to 
the  soil  until  the  grass  recovers  ,   Nor  should  mustard  be  sown  on 
slopes  above  agricultural  land,  particularly  grain  fields.,  in  which 
the  mustard  might  become  a  weed.. 
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Burns    that   are   more    than  U^'^'"''   feet    in    elevation,,   where  winte--" 
temperatures    are   unfavorab   e    for   mustard   grnv;th ,    v/i  .  ,!    usual  iy  not    re-- 
quire    aov/ing:    a    thc'Ugh    it    may  be    desirable    to    sow  burns    in   the 
chaparral    type    on  v/arm   southerly  slr>pes    up   to  about   5^'^'^'   feet    eleva- 
tion , 

In   some  burned   areas    sowing   may  be    impractioabl e    because    the 
complex  pattern   of    land   ov/nership  makes    it    impossible   to    obtain   th^^ 
consent    of  aj  i    the   ovmers    and   get   the    job   done   before    the  winter   rain^ 
set    in        Obviously,    mustard   may  not   be   sov/n    on    lands  wh'''Se   owner.; 
object    to   the    introduction    of   this    p :  ant         In   summary,     then-. 

Sow  mustard 

i         In   recf-^ntly  burned   are^s    up   to   about   Li^OC)   feet    elevation, 
where   native   herb,;-'    count    ,ies3    than    ^    or  6   pl.antt:    pe '- 
square   foot 

Don '  t    s  ov/  rau  s  ta  r d 


1        Vifhert^-    l-here    is    al're'^dy  a   derir'n    O'-.ver    of   nativ-^'    herb^s. 
of    grov/+-h    f-rm    equal     to   mustard 

^        Ab'-iv^   li'^^""'    ^-^ff    in    Hjtrvation,     exoept    for    sou'i^her.y  ex- 
posures    in    chaparrB, ,1. 

^         Tn    "patohy"   burns    and    areas    only   scorched   by  the    fire 

i-i.        On    S:. -'pe;    of   r^^'ck   taju-^ 

5    In  p't'rero-i  and  mountain  meadow - 

6,   On  J  J  f'pe.-,  close  above  agricul  tura,.  .land 

7   \''fhere   pri-perty  owners  object 

V/hen  to  S^w  Mustard 

To  have  the  greatest  chanoe  for  succ'^ss,  mustard  sov/ing  should 
be  com.pleted  before  the  fir-jt  vnnter  rain    In  southern  California 
the  first  winter  storms  usually  come  in  October  or  November  and  in- 
crease in  frequency  amount,  and  intensity  of  rainfall  to  a  maximum  in 
February   Periods  oT   warm  weather  suitable  for  plant  grov/th  usual  y 
follow  the  ear,!y  storms    But  December  and  January  generally  bring 
colder  weather  that  is  unfavorable  for  mustard  grov-/th   together  vi^ith 
increased  expectancy  of  the  dry,,  northerly  gales  (called  "Santa  Anas"'! 
that  sometimes  desicoate  even  the  hardy  native  pj.ant  growth, 
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Sowing  before  the  first  rains  is  desirable  to  take  advantage  of 
the  uncompacted  and  ashy  soil  surface  that  is  most  receptive  to  seedo 
Early  sov/ing  also  lessens  the  chances  of  the  job  being  interrupted  by 
bad  weather„  and  permits  the  mustard  plants  to  get  v;ell  established 
before  cold  v/inter  v/eather  sets  in>, 

Cold  weather  retards  seed  germination  and  inhibits  plant  grov\rthc. 
In  fact,,  freezing  temperatures  that  occur  just  after  the  mustard  seeds 
have  sprouted  are  likely  to  kill  the  tender  seedlings-,  hov/ever„  mustard 
plants  that  have  reached  a  height  of  about  3  inches  are  quite  hardy 
and  have  been  observed  to  v/ithstand  tem.peratures  as  Invj   as  2.2"   F.. 
Finally,  late  sov/ing  may  result  in  stunted  growth  and  failure  to  pro  = 
duce  volunteer  seed,  especially  if  rainfall  is  deficient  in  the  late 
winter  and  spring,,   The  record  of  23  mustard  sowing  jobs  from  1932 
through  19^4-6  shov/s  that  most  of  the  burns  sown  after  mid-December  did 
not  develop  a  satisfactory  first-year  mustard  growth,,   For  these 
reasons,  all  sov;ing  shou]d  be  finished  by  the  middle  of  December., 

If  burns  occur  in  the  months  August  to  llovember.,  the  sov-zing 

must  be  organized  to  get  the  seed  on  the  ground  without  delay,.   This 

requires  quick  action  in  planning  the  job  and  in  buying  seed,  and  sus- 
tained sowing  effort o 

Vflien  fires  occur  during  tlie  months  January  to  July,,  the  burns 
should  not  be  sown  until  the  following  fall  ,   Such  buri.s  shou'd  be  ex- 
amined in  August  to  determine  the  need  for  sowing,  as  indicated  by  the 
density  of  natural  vegetation  and  the  condition  of  the  soil 

Seed  Requirements 

Tv/o  kinds  of  mustard  have  been  found  particularly  suited  for 
use  in  burned  areas  of  southern  California.   These  are  the  cultivated 
variety  of  black  mustard,  Brassica  nigra,  and  Montana  Trieste  mustard,, 
a  variety  of  Brassir.a  juncea. .   Both  species  have  several  other  common 
names  (AppendTx  1 ) 

Preference  is  given  to  Brassica  nigra  for  burned-area  sowing, 
as  this  seed  is  produced  in  southern  California  and  is  v;ell  adapted  to 
local  climatic  conditions,.   The  use  of  local  seed  also  saves  delivery 
time  and  shipping  costs,   In  years  v/hen  the  supply  of  California  seed 
is  short  or  unusually  high  in  price,.  Brassica  juncea  from  Montana  or 
the  Pacific  Northwest  may  be  substituted. 

Quality 

The  mustard  seed  should  be  high  in  germination,  pure,  and  free 
of  noxious  v;eeds    Small  lots  (up  to  100  pounds)  can  usually  be  ob- 
tained from  a  local  seed  dealer.   Large  quantities  of  seed  are  most 
advantageously  bought  on  bid  from  the  larger  seed  houses..   The  seed 
specifications  used  by  the  Forest  Service  require  minimum  germination 


of  85  percent  in  7  days,  miniimjin  purity  of  97  percent,  and  freedom 
from  primary  and  secondary  noxious  weeds  as  specified  by  the  Agri= 
cultural  Code  of  Californiao   The  dealer  is  asked  to  supply  a  notarized 
certificate  that  these  specifications  are  meto 

Offers  have  sometimes  been  received  for  odd  lots  of  Brassica 
nigra  or  its  wild  variety  at  considerably  reduced  prices o   Such  bargain 
seed  is  usually  obtained  in  the  process  of  cleaning  cereal  grains o 
Either  low  germination  or  the  presence  of  primary  or  secondary  noxious 
weeds  would  disqualify  such  seed  for  useo 

Amount  of  Seed  to  Sow 

Mustard  seed  is  sown  at  an  average  density  of  20  seeds  per 
square  foot,  which  is  equivalent  to  5  pounds  per  acre  when  the  seeds 
run  175,000  to  the  poundo  Experience  has  shown  that  this  amount  of 
seed  is  required  to  yield  5  or  6  mature  mustard  plants  per  square  foot 
after  normal  losses  through  failure  of  the  seed  to  germinate  and 
natural  mortality  among  the  young  plants o 

The   number   of  mustard   seeds   per   pound  varies   from  about   150,000 
to   600,000o      This  may  not  be   important  with   only  a  small   area  to   sow 
but  with   large   areas   it   will  pay  to  make   a   field   calculation  of  the 
pounds    of   seed  to  be   sown  per   acre   for  each   lot   of   seed   (Appendix  2)o 
Steepness    of   slope   has   a  negligible  effect   on  the   rate    of   sowing,   and 
this   factor  may  be   disregarded  in  calculating  the   overall   sowing  rate. 
Where   rock  occupies   a   considerable   portion  of  the    ground   surface   over 
large   areas,   tue   sowing   rate    can  be   reduced  to  the   amount   of   seed  re" 
quired  to   cover  the   exposed   soil   at  the   proper   density. 


De  1  i  ve  r 
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Mustard  seed  produced  in  southern  California  is  usually  trucked 
to  the  job  by  the  dealero   Seed  produced  in  more  distant  places  is 
usually  shipped  by  freight  to  a  dealer's  warehouse  in  southern  Californiao 
Frcan  there  it  can  be  trucked  to  the  jobo   Details  of  delivery  must  be 
worked  out  in  advance  so  that  the  delivery  point  can  be  specified  in 
"che  invitation  to  bido 

On  aircraft  sowing  jobs  it  is  best  to  have  the  seed  delivered 
direct  to  the  airport  or  operations  base,  if  this  can  be  designated  in 
advance,  to  avoid  rehaulingo   If  the  operations  base  can  not  be  speci- 
fied, or  if  there  is  doubt  as  to  whether  the  sowing  will  be  done  by 
aircraft  or  by  hand,  seed  can  be  delivered  at  a  point  that  best  meets 
the  requirements  for  safe  storage  and  accessibility  to  the  jobo   If 
seed  storage  at  some  point  other  than  the  base  airport  is  decided  on, 
it  should  be  kept  in  mind  tuat  a  single  airplane  can  sow  as  much  as 
10,000  pounds  of  seed  in  one  day,  and  that  this  supply  will  have  to  be 
maintained  at  the  airport  to  avoid  delaying  the  jobo 
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Examining  and  Storing  Seed 

A  few  sacks  of  inferior  seed  have  sometimes  been  included  in  a 
large  order,  notwithstanding  the  rigid  specifications  and  the  require- 
ment that  the  dealer  furnish  a  certificate  guaranteeing  conformance 
v/ith  the  specifications.   For  this  reason,  it  is  v\fise  to  examine  care- 
fully all  seed  upon  delivery,  checking  its  weight  and  appearance  as 
indicators  of  quality. 

Bulk  mustard  seed  is  usually  sold  in  100-pound  sacks,   If  the 
full  sacks  v/eigh  only  85  or  '~)Ci   pounds,  the  seed  viability  may  be  low 
and  should  be  tested.   Good  mustard  seeds  are  well  filled,  not 
shrivelled  or  v/rinkled,  and  there  are  fev/  empty  hulls  and  ha]f-seedSo 
The  stems  and  foreign  seeds  that  are  the  impurities  commonly  found  in 
mustard  seed  can  be  readily  seen  with  the  naked  eye-, 

If  the  sacks  weigh  close  to  100  poijinds  and  the  seed  appears 
good,  it  will  usually  be  safe  to  sow,  in  view  of  the  dealer's  guaran- 
tee of  quality.   But  if  either  the  germination  or  purity  is  suspect,, 
the  seed  should  be  withheld  from  sowing  until  its  quality  can  be  de- 
termined 

If  seed  purchased  locally  proves  to  be  of  doubtful  viability  or 
purity,,  the  dealer  v^rill  usually  be  glad  to  aubstitute  good  seed  with- 
out question,   If  inferior  seed  is  received  from  a  dealer  at  some 
distance  from  the  delivery  point,  however.,  it  may  be  desirable  to  send 
a  sample  , to  the  nearest  seed  testing  laboratory  for  analysis  and 
report, £/  as  the  basis  for  claiming  restitution    (For  instructions  in 
seed  sampling  procedure,  see  Appendix  3) 

Until  the  mustard  seed  is  actually  sown,  it  must  be  protected 
to  prevent  its  deterioration  through  exposure  to  dampness.   For  a  few 
days'  storage  on  the  job,  a  tarpaulin  or  tent  cover.,  with  poles  or 
brush  for  a  floor  will  usually  give  enough  protection.,   On  hand-sowing 
jobs  in  remote  back  country.,  care  sliould  be  used  to  locate  seed  caches 
at  accessible  points  where  adequate  protection  can  be  provided  in  case 
of  a  storm,.   For  long-time  storage  of  large  quantities  of  seed,  a  dry 
and  well-ventilated  v/arehouse  is  advisable,  and  the  seed  sacks  should 
be  stacked  to  allov/  free  circulation  of  air. 


2/      The  California  Seed  Laboratory,  of  the  State  Department  of  Agri- 
culture, at  Sacramento,,  is  fully  equipped  for  this  work,.   Germination 
and  purity  tests  are  made  v/ithout  cliarge  for  agencies  of  the  State  and 
Federal  governments,  and  at  a  nominal  fee  for  other  agencies  and 
private  individuals..   The  services  of  private  seed  testing  labora- 
tories are  also  available  in  Berkeley  and  Los  Angeles, 


-10- 


Clearances 

Four  types  of  clearances  may  be  required  from  various  authorities 
before  mustard  seed  is  sown  in  burned  areas o   These  are  concerned  with 
operations  on  private  land,  weed  control^  certification  of  the  aircraft 
and  the  pilot  for  seeding,  and  military  restrictions  on  the  use  of  aircraft o 

Operations  on  private  land  require  permission  of  the  o^/vner,  both  for 
entry  on  the  land  and  for  the  sowing  of  mustardo   Residents  of  southern 
California  usually  have  no  objections  to  entry^  but  they  have  sometimes  pro-- 
tested  the  use  of  mustard  because  tney  remember  it  as  a  serious  pest  in  the 
Mid-'west,  where  many  of  them  formerly  livedo   Such  objections  are  usually 
withdrawn  when  it  is  explained  that  there  are  no  extensive  grain  fields  in 
southern  California  close  to  the  watershed  areas  in  which  mustard  is  sown, 
and  that  for  many  years  mustard  has  been  used  as  a  cover-^crop  in  citrus 
groves  throughout  that  part  of  the  state o 

The  weed  control  clearance  is  necessary  (l)  to  avoid  the  introduction 
of  mustard  into  areas  where  it  might  create  an  agricultural  weed  problem^  and 
(2)  as  a  check  against  the  introduction  of  undesirable  seeds  along  with  the 
mustard  seed.   Such  a  clearance  is  issued  by  the  County  Agricultural  Commissioner 
who  will  usually  require  an  explanation  of  the  nature  of  the  mustard  sowing 
project,  and  a  copy  of  the  seed  specif ications 5  he  may  also  require  a  sample 
of  each  lot  of  seed  that  is  to  be  sowno  Any  seed  tests  needed  to  obtain  this 
clearance  should  be  completed  in  time  to  avoid  delaying  the  actual  sowing  of 
seedo 

Both  the  aircraft  and  the  pilot  for  the  sowing  job  must  be  certified 
by  the  California  Aeronautics  Commissiono   Contractors  based  in  California 
and  regularly  engaged  in  seeding  and  spraying  work  will  already  have  this 
certification;  out-of^-state  operators  may  have  to  obtain  ito 

Military  clearances,  such  as  that  required  to  operate  over  restricted 
areas,  are  best  provided  for  by  making  them  the  responsibility  of  the  air-- 
craft  contractor  when  calling  for  bids  on  the  jobo 

Cooperation  and  Publicity 

When  large  areas  are  to  be  sown  usually  one  or  more  public  agencies, 
as  well  as  private  landowners,  will  be  concerned  with  any  plans  for  erosion- 
control  treatment  of  a  burned  areao   Interested  parties  may  include  the  local 
water  companyp  flood  control  districts,  flood  control  survey  groups.  State 
and  County  foresters.  Forest  Service,  Soil  Conservation  Service,  or  other 


_3^  Offices  of  the  County  Agricultural  Commissioners  in  southern  California 
are  located  as  follows: 


Los  Angeles  County 
Orange  County 

Riverside  Coixnty 

San  Bernardino  County 

San  Diego  County 

Santa  Barbara  County 
Ventura  County 


808  No  Spring  Street,  Los  Angeles  12 
1104  Ne  8th  Street,  Santa  Ana 
9846  S,  Harbor  Blvde^  Anaheim 
Courthouse,  Riverside 
566  Lugo  Ave 03  San  Bernardino 
Bldge  2,  Operations  Center,  Pacific  Highway 

at  Rosecrans  Ste,  San  Diego  10 
Courthouse,,  Santa  Barbara  (P„OoBox  127) 
815  Santa  Barbara  Stoj  Santa  Paula 
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Federal  agencies,  soil  conservation  districts,  and  organizations  of  farmers 
and  stockmen*  The  local  County  Farm  Advisor  should  also  be  told  of  the  plans o- 
All  such  agencies  should  be  informed  of  the  objectives  of  the  mustard  sowing,  , 
and  they  may  wish  to  cooperate  in  doing  the  worko 

Experience  has  shown  that  there  is  need  for  care  in  giving  out  news 
stories  to  avoid  imparting  the  idea  that  mustard  alone  can  prevent  floods. 
It  should  be  made  clear  that  mustard  sowing  is  an  emergency  practice  in 
watershed  manageiflent  intended  to  increase  the  plant  cover  in  the  burned 
area,  but  that  other  measures  such  as  the  installation  of  debris  basins  will 
usually  be  required  for  full  protection  against  floods* 

DOING  THE  JOB 

Equipment,  techniques,  man-power  requirements,  and  individual 
responsibilities  vary  with  the  sowing  methods   The  objective  of  all 
methods,  however,  is^  to  get  the  seed  evenly  distributed  at  the  proper 
density  and  at  the  proper  time  over  the  areas  designated  for  sowings 
Hand-sowing  proceeds  slowly  and  requires  techniques  and  equipment  with 
which  most 'workers  are  familiaro   Sowing  by  aircraft,  which  is  especially 
adapted  to  large  areas,  is  fast,  requires  more  elaborate  equipment,  and 
utilizes  techniques  with  which  many  field  men  are  unfamiliarc   To  get  the 
proper  seed  distribution  and  avoid  delays,  close  attention  to  a  nximber  of 
operating  details  is  required  when  sowing  by  aircraft,,   Hand-^sowing  is 
here  discussed  first  and  is  followed  by  a  general  description  of  sowing 
by  aircraft;  detailed  suggestions  for  sowing  by  aircraft  are  given  in 
Appendix  4,, 

Sowing  by  Hand 

The  size  of  the  crew  for  hand-sowing  jobs  will  be  determined  by 
the  area  to  be  sown,  the  urgency  of  completing  the  job,  and  the  number 
of  foremen  available n  Experience  has  shown  that  one  foreman  can  super" 
vise  about  25  sowers o 


^     Offices  of  the  County  Farm  Advisors  in  southern  California  are: 


Los  Angeles  County 
Orange  County 
Riverside  County 
San  Bernardino  County 
San  Diego  County 


Santa  Barbara  County 
Ventura  County 


808  No  Spring  Ste^  Los  Angeles  12 
1104  W,  8th  Sto,  Santa  Ana 
Post  Office  Bldge,  Riverside 
566  Lugo  Aveo,  San  Bernardino 
Bldgo  I5  Operations  Center,  Pacific 

Highway  at  Rosecrans  Sto, 

San  Diego  10 
Federal  Bldg,. ,  Santa  Barbara 
52  No  California  Stoo  Ventura 
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In  estimating  the  size  of  crev/  required  and  the  .length  of  job, 
a  sowing  rate  of  5  acres  per  man-day  has  been  found  advisable  to  allcv/ 
leeway  for  unforeseen  delays  ,   Actually-  however,  ground  crews  have 
averaged  about  7  aores  per  man  -day  in  moderately  rough  country,,  v/hile 
a  maximu.m  of  ]0  aores  per  m&n  day  has  been  attained    The  acreage  sown 
per  man-day  will  naturally  depend  on  the  amount  of  travel  time  and  the 
number  of  hours  worked   the  J-'d.ore   figure  allov/ing  1  hour  in  trave.j 
during  an  8-hour  day , 

For  ground  work  it  has  been  found  best  to  divide  the  burned 
area  into  component  drainage  units,,  v/hich  may  range  in  si^e  from  ?5 
acres  to  perhaps  I4.OO   aores    Small  crews  of  2    to  5  ''^Q^-  '^'^^  ^  strav/boss 
are  given  f  ul  ,.,-  responsibi.i  i  ty  for  sowing  these  drainage  units    In 
sowing,  the  men  walk  back  and  fcn'th  across  the  slope  on  contour   start- 
ing at  the  top  of  the  s'i'-pe  and  working  dovmward  ,  broadcasting  swaths 
about  20  feet  Vifide    Some  precipitous  slopes  too  steep  to  c  i  i  mb  over 
contain  benches  of  erosible  soi  '  on  wiiich  a  protective  cover  of  mustard 
is  needed    These  slopes  can  generally  be  sown  by  throwing  handfuls  of 
seed  from  the  top  and  sides. 

Special  treatment  to  m.ake  tlie  seed  stay  on  the  s]  r.pe  instead  of 
rolling  to  the  bottom  can  be  given  on  loose   sliding  cones  of  soil  and 
on  road  overcast  slopes    This  treatnent  consists  of  having  the  men 
work  across  the  slopes  on  contour  lines  5  to  1+   feel"  apart   s  >.pe 
distance   taking  short  steps  and  sowing  as  they  go   By  this  method, 
most  of  the  mustard  seed  v/i  1 1  ultimately  lodge  in  the  men's  footprints, 
To  avoid  excessive  density  of  the  mustard  plant's,  the  quantity  of  seed 
sown  should  be  reduced  to  about  1  pound  per  slope-acre 

Wliiie  the  sowers  are  at  work  the  foreman  should  make  spot 
checks  of  seed  distribution  by  counting  the  number  of  seeds  on  the 
ground  i.n  selected  areas  to  be  sure  that  the  density  is  aboi-it  2C   seeds 
per  square  foot        A  daily  check  should  be  m^ade  of  the  acreage  sown  and 
tt.e  amount  of  seed  used   f  o'^ '' oivong  the  general  method  outlined  in 
the  detai,ied  suggestions  for  aircraft  sowing  (Appendix  I4.) 

Transportation  of  the  seed  to  the  sowing  point  is  governed  by 
conditions  on  the  job    In  remote  areas   a  few  pack  animals  to  carry 
supp,iies  of  seed  to  points  convenient  for  the  sowers  m.ay  faci  i  late 
the  work.   Generally  hovrever   each  man  carries  his  day  s  seed  supp,  y 
with  him   T'JTiere  there  are  sufficient  roads   time  and  effort  will 
usually  be  saved  by  hsving  the  solvers  hauled  to  the  top  of  the  mountain 
by  truck  in  the  morning  and  piol:ed  up  at  its  foot  after  the  day  s  v^'ork 

The  equipment  needed  for  each  sower  includes  a  knapsack  to 
carry  a  day's  supply  of  seed,   From  2^    to  5O  pounds  may  be  carried,, 
depending  on  the  topography  and  distance  of  the  sowing  area  from-  the 
base  camp  or  truck   For  measurement  eacli  sower  also  carries  a  one- 
gallon  can  (No   10  size),,  v/hich  holds  approximately  5  pounds  of 
mustard  seed„  enough  for  one  acre    The  seed  is  broadcast  by  hand 
because  mechanical  seeders  have  been  found  im.practica]  for  use  on  the 
steep  slopes  usually  encountered  in  burned  area::. 
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Sowing  by  Aircraft 

Whether  mustard  seed  is  sown  by  airplane  or  by  helicopter,-/ 
for  the  safety  of  the  pilot  and  for  uniform  seed  distribution,  aircraft 
sowing  should  be  done  in  calm  weathero  As  the  winter  season  approaches, 
good  flying  weather  may  be  limited  to  a  few  hours  each  morning,  from 
daybreak  to  about  10  a,m.   Sometimes  conditions  again  become  suitable 
for  flying  in  the  late  afternoon  and  evening.   If  it  is  urgent  that  a 
job  be  completed  before  an  impending  storm,  the  pilot  may  be  willing 
to  fly  in  less  calm  weather  or  for  longer  hours.   It  is  important  to 
remember,  however,  that  the  pilot  should  be  free  at  all  times  to  decide 
when  he  will  fly  and  how  he  will  cover  the  areao  He  alone  knows  what 
he  and  his  aircraft  can  doo 

With  either  type  of  aircraft,  the  basic  problems  involve  broad- 
casting the  seed  with  maximum  uniformity  over  the  burned  area,  and 
doing  the  job  as  rapidly  as  possible  commensurate  with  safety  and 
proper  distribution  of  the  seedo   The  equipment,  landing-field  require- 
ments,  flying  techniques,  and  man-power  needed  differ  according  to  the 
type  of  aircraft  usedo   (Specifications  for  aircraft  service  are  given 
in  Appendix  5, ) 

Bquipment 

Open  cockpit  or  cabin  type  airplanes  which  have  a  capacity  from 
about  500  to  1500  pounds  of  seed  are  customarily  used  to  sow  mustard. 
Such  planes  are  in  regular  use  for  crop-dusting  and  rice^sowing  opera- 
tions and  require  only  minor  changes  to  adapt  them  for  mustard  sowingo 
Special  equipment  required  for  sowing  includes  a  seed  hopper  built  into 
the  plane,  gates  for  controlling  the  flow  of  seed  from  the  hopper,  and 
a  Venturi  flume  or  other  type  of  spreader  mounted  beneath  the  fuselage 
to  spread  the  seed  evenly.   Seed  flows  by  gravity  from  the  hopper  into 
the  spreader,  where  it  is  swept  away  by  wind  from  the  propeller.   The 
flow  of  seed  is  controllea  by  one  or  two  gates  to  start  and  stop  the 
flow,  and  to  control  its  rate.  The  gates  are  operated  from  the  pilot's 
cockpit.   The  concentration  of  seed  sown  is  governed  by  both  the  gate 
setting  and  the  speed  of  flight. 


b/     Mustard  seed  was  first  sown  in  burned  areas  by  airplane  on  Los  Padres 
National  Forest  in  1932  and  1934o   The  next  airplane  sowing  was  done 
on  the  San  Bernardino  National  Forest  in  1940  and  1941,  followed  by 
additional  work  on  the  Cleveland,  San  Bernardino,  and  Angeles  National 
Forests  in  1943,  1947,  and  1948,   The  helicopter  was  first  used  to  sow 
mustard  on  the  Angeles  National  Forest  in  October  1947 o 


,14= 


,-iA 


A  two"place  helicopter  with  open  cockpit  was  used  for  the 
mustard  sowlng.-S/  The  pay  load  of  this  helicopter  with  standard 
equipment  was  400  pounds  maximum.   As  altitude  increased,  however ^ 
it  was  necessary  to  reduce  the  pay  load  in  order  to  improve  flying 
performance,  especially  on  hot  days.   The  maximum  working  altitude 
at  which  this  model  helicopter  could  take  off  with  load,  hover,  and 
land  was  approximately  5500  feeto   Once  aloft,  however,  the  machine 
could  continue  in  flight  with  a  load  at  altitudes  of  over  10,000 
feet,  so  long  as  sufficient  air  speed  was  maintained.   On  the  Big 
Tujunga  burn  of  1947,  sowing  was  done  up  to  an  altitude  of  4000  feet, 
carrying  as  much  as  330  pounds  of  seed.   The  pilot  reported  that  the 
aircraft  handled  satisfactorily  above  5400  feet  with  from  180  to  220 
pounds  of  seed  in  the  hoppers. 

The  helicopter  was  equipped  with  twin  hoppers  and  tube  assemblies 
for  carrying  and  spreading  the  seeds   As  in  an  airplane,  the  flow  of 
seed  was  controlled  by  release  and  metering  gates  in  the  bottom  of  the 
hoppers,  and  the  rate  of  sowing  depended  both  on  the  setting  of  the 
metering  gate  and  the  speed  of  flight o 

Landing-field  Requirements 

For  safe  operation,  the  airplanes  used  for  mustard  sowing  re^ 
quire  a  fairly  smooth  and  level  landing  field  at  least  one-half  mile 
long.   Other  conditions  being  equal,  a  landing  field  at  low  elevation 
is  preferable  to  one  at  high  elevation  because  of  the  greater  density 
of  the  air  at  low  altitudes  and  the  resultant  increase  in  "lift"  for 
taking  off  with  a  load  of  seed. 

The  helicopter,  by  contrast,  can  operate  from  any  plot  of  ground 
that  is  free  of  obstructions  for  a  distance  great  enough  to  clear  the 
rotors,  ioe«,  a  minimum  diameter  of  about  50  feet  for  the  helicopter 
used  in  1947.-^   The  operating  location,  or  helispot,  for  such  sowing 
jobs  should  be  not  more  than  3500  feet  above  sea  levels   As  with  air-= 
planes,  lower  elevations  are  preferred  for  the  operations  base,  except 
that  in  some  cases  a  ridge  top  might  be  better  than  an  adjacent  canyon 
bottom  because  of  the  increased  maneuvering  room  and  benefit  of  increased 
"lift"  from  the  windo   Location  of  the  operations  base  for  a  helicopter 
must  be  determined  by  the  piloto 

Flying  Techniques 

Best  sowing  results  with  the  airplane  have  been  obtained  by 
flying  not  more  than  300  feet  above  the  ground,  at  a  speed  of  about 
90  m,poh»  Under  these  conditions  the  airplane  most  recently  used 
sowed  a  swath  80  feet  wide  at  the  desired  average  density  of  20  seeds 
per  square  foote   Cross-sowing  the  burn  in  strips  at  right  angles  to 
improve  seed  distribution  has  been  found  unnecessaryo 


6/  The  helicopter  was  a  Bell  agricultural  model  47B3;  the  later  model 
47D  is  similars 
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Because  of  the  airplane's  fast  flight  and  the  necessity  for 
making  wide  turns,  it  is  advantageous  to  divide  the  burned  area  into 
rather  large  units  that  can  be  covered  by  a  series  of  long,  parallel,, 
straight  swaths  at  a  safe  distance  above  terrain,  v.'ith  a  mD.nimum  of 
turns „   Ground  flagmen  working,  in  the  sowing  area  and  markers  along 
its  boundaries  are  u Si^a-j:^ y'n-e e d e-d  to  help  the  pilot  cover  the  area 
completely  without  skipping  or  excessive  swath  overlapping,, 

With  the  helicopter,  the  best  sowing  results  were  obtained  by 
flying  about  50  feet  above  the  ground,  at  a  speed  of  30  m..p„ho   The 
width  of  swath  sovm  was  60  feet  and  the  seed  density  averaged  20 
seeds  per  square  foot  with  highly  uniform  distribution. 

The  helicopter's  flight  characteristics  made  it  possible  to  sow 
the  burned  area  by  small  v/atershed  units,  up  to  c>bout  25O  acres  in 
extent,  thereby  concentrating  the  ground  personrel  in  a  small  areao 
Flight  tests  shov^ed  that  flying  on  contour  and  working  downward  from 
the  head  of  a  drainage  was  the  easiest  method  of  covering  the  area., 
ov/ing  to  lessened  pov/er  requirements,.   It  vj&s   also  found  that  the 
pilot  had  an  unrestricted  view  forv.'ard.,  downward.,  and  to  the  sides  „ 
Consequently,  he  could  fly  by  ground  landmarks,  such  as  rocks  and 
burned  shrubs,  and  obtain  uniform  seed  distribution  without  the  aid 
of  flagmen.,   Boundary  markers  were  dispensed  with  by  having  the  sov/ing 
foreman  make  a  flight  over  the  area  with  the  pilot  Just  before  it  was 
sov/n.  to  point  out  the  boundaries  and  give  any  special  instructions 
needed^.   All  these  techniques  combined  to  make  the  results  of  sowing 
by  helicopter  approach  a  degree  of  selectivity  and  uniformity  possible 
heretofore  only  through  hand-sov/ing,; 

Man-power  Requirements 

An  effective  crew  on  an  aircraft  sov/ing  job  of  1  ,,000  acres 
should  include  a  foreman,  two  flagmer  (if  the  sowing  is  done  by  air- 
plane), two  ground  checkers  to  check  seed  distribution  in  the  burned 
area,  a  truck  driver,  and  one  or  tv/o  men  at  the  operations  base  to 
help  load  tlie  aircraft  ,   These  men  are  needed  in  addition  to  the 
pilots  and  mechanics  v/ho  operate  and  service  the  aircraft  „ 

In  burned  arof's  larger  than  1.000  acres  the  nurrber  of  flagmen 
required  v/ill  be  governed  by  the  size,  shape,  and  topography  of  the 
sov^ing  area;  at  least  tv/o  will  be  needed,  and  more  may  be  desired  by 
the  pilot,.   It  villi   also  be  desirable  to  have  more  groun.d  checkers, 
so  that  at  least  10  percent  of  the  area  can  be  sampled^ 

JUDGING  THE  SUCCESS  OF  THE  JOB 

The  success  of  a  mustard  sowing  project  must  be  judged  in  terms 
of  the  m.ustard  crop  itself..   The  criteria  to  use  are  the  uniformity 
and  density  of  the  mustard  cover,  and  the  height  of  stand  obtained.. 
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Good  first -year  mustard  stands  in  the  past  have  been  evenly- 
distributed  and  have  averaged  200.000  mature  plants  per  acre.  witVi  an 
average  height  of   '^   to  Li   feet,  in  more  than  90   percent  of  the  area 
designated  for  sowing,   The  litter  produced  by  such  a  stand  has  been 
measured  at  2^  tons    per  acre  ( oven-dry  weight ) .   This  density  and 
uniformity  of  stand  should  be  taken  as  the  desirable  objective,.   How- 
ever, mustard  sov/ing  projects  have  been  considered  satisfactory  if 
the  first -year  stand  averaged  25,000  plants  per  acre  in  75  percent  of 
the  area  designated  for  sov/ir.g, 

A  dense  second-year  mustard  growth  usually  develops  from  volun- 
teer seed,  even  though  the  first -year  mustard  stand  may  have  been 
sparse,.   In  such  a  case,  the  project  might  becf~>me  highly  successful 
in  the  second  year.   Thus,  "success"  should  be  judged  in  terms  of 
mustard  growth  and  distribution  in  both  the  first  and  second  years 
after  sowing. 

In  experience  to  date,  the  most  serious  cause  of  unsatisfactory 
mustard  grov/th  has  been  care]  ess  sowing,  thi;'  factor  having  proved 
even  more  critical  than  unfavorable  growth  conditions    Obviously, 
mustard  can  not  be  expected  to  grov.'  where  the  seed  is  not  sov/n.   In 
areas  where  good  seed  v/as  sown,  some  mus+ard  has  always  grov/n  to 
maturity;  never  has  the  entire  crop  been  lost.   For  encr^ect}.    careful 
sowing  to  insure  complete  coverage  of  the  area  with  seed  is  of  the 
utmost  importance, 

Mustard  Growth  Examinations 

Inf  orma.i-i  on  on  the  groT:th  and  'i  istributi  on  of  mustard  is  best 
obtained  tl!r'^u,'^;h  field  examinations  mad*^,  when  the  mustard  is  in  full 
flower,  usually  in  A.pri]  or  May,   At  this  time  the  mustard  can  be 
identified  ^t   a  distance  by  flc>wer  color.   By  counting  the  plants  in  a 
few  sample  stands  of  different  color  and  app(-?arance .  a  man  can  quickiy 
develop  judgment  that  will  enable  him  to  estimate  the  number  of  plants 
per  milacre,2/  much  as  a  farmer  judges  the  yield  of  his  cr-r>ps  from 
appearance  of  tiie  fields    Outlining  the  areas  of  differ^int  densities 
on  a  map  will  record  their  location  and  v/iH  permit  estimating  the 
acreage  of  areas  succehsfully  sown.   Such  examinations  are  usually  made 
the  first  and  s-^cnnd  yeartr-  after  the  mus+-ard  is  scwn^. 

In  a  first-year  examination,  experience  has  shown  that  four 
density  classes  are  conveni'-nt  for   use: 

Dense:  more  than  IC'  plantb  per  mijar-re 

Mediam:  approximately  26-lor'  plants  per  milacre 

Sparse:  25  or  less  plants  per  milacre 

Failed:  areas  wiih  no  m.ustard 


7/  A  milacre  contains  Ij.-5  •  S*^^-  --"'quarti  ^eet.  l/lOOOth  of  an  a'-re,   It  may 
be  ei.ther  6..6  feet  square,  or  "5  .^'  feet  wide  by  15-2  feet  longo 
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The  density  of  25  plants  per  milacre  is  an  important  division 
point,  as  this  is  the  approximate  number  of  plants  usually  required  to 
make  a  blanket  flower  color  that  is  readily  distinguishable  at  a 
distance.   To  account  for  the  entire  burned  area,,  the  examiner  should 
also  record  areas  missed  in  sov/ing.,  unburned  "islands,"  precipitous 
and  rocky  areas,  and  cultivated  and  residential  areas. 

In  a  second-year  examination  it  may  be  desirable  to  recognize 
additional  density  classes  because  of  the  great  increase  in  plant 
numbers,   The  limits  of  such  classes  must  be  decided  on  the  ground  by 
the  examiner,  as  they  will  depend  on  the  number  and  development  of 
plants  grov/ing_.  and  on  the  degree  of  detail  desired  in  the  survey^ 

Observation  Plots  and  Photographs 

If  it  is  desired  to  determine  the  causes  of  sparse  mustard 
growth  or  of  its  failure  to  grow  in  local  areas.,  close  observation 
will  be  required  throughout  the  grov;ing  season,   Drouth„  desiccating 
v/'inds ,  and  extreme  cold  may  take  their  toll  of  the  tender  mustard 
seedlings,  or  in  some  cases  the  mustard  may  get  a  good  start  but  fail 
to  mature  and  produce  seed.   Observations  of  the  effects  of  such  ad- 
verse environmental  factors  are  best  made  in  small  plots  installed  at 
the  time  mustard  is  sown„  and  checked  at  frequent  intervals o 

Paired  milacre  plcts,,  one  sown  and  the  other  not  sown,  afford 
the  best  means  of  studying  the  growth  of  mustard  and  oompai^ing  it  with 
native  plants  in  sovjn  and  unsown  areas,,   A  good  plot  size  is  5,5  feet 
v/ide  by  15,^  feet  long  ( r,ne   mi  .S-r-re) ..    and  it  is  preferable  to  have  the 
long  dimension  up-and-dmrn  the  si  i"pe   that  is,,  parallel  to  the  direc- 
tion of  runoff   These  may  be  s,1'-,pe  measurements  Vkdthout  correction  to 
horizontal  distance  as  would  be  desirable  for  larger  plots    One  plot 
of  each  pair  should  be  carefully  sovm  by  hand,,  making  sure  to  sow  the 
same  number  of  seeds  per  square  foot  tliat  are  sown  elsewhere  in  the 
burn,,   The  second  plot  of  each  pair  is  left  unsown- 

As  many  pairs  of  plots  may  be  used  as  are  needed  to  represeni; 
the  different  conditions  of  soil,  aspect,,  steepness  „  and  altitude,,  a 
single  pair  usually  being  enough  to  check  each  site  condition  for 
ordinary  observations.   The  plr^ts  of  each  pair  should  be  spaced  at 
least  25  feet  apart  to  decrease  the  chances  of  mustard  migration  into 
the  uxisov/n  plot,,  especially  if  observations  are  to  be  carried  into  the 
second  year >   Statistical  design  of  the  plot  installations  is  not  re- 
quired for  these  studies  because  the  plots  are  used  to  help  interpret 
results  of  tne  mustard  growth  examination  in  the  burned  area  as  a 
whole,  and  not  as  statistical  samples  of  the  burn.. 

Good  photographs,,  repeated  at  intervals  from  the  same  camera 
stations,  will  also  help.,  by  providing  a  record  of  the  burned  area 
before  sowing  and  the  subsequent  growth  of  mustard..   Photos  in  natural 
color  are  useful  in  showing  differences  in  the  soil,  and  plant  cover „ 
but  black-and-v/hi te  pictures  are  the  most  practical  for  general  useo 
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APPENDIX  1 
SPECIFICATIONS  FOR  THE  FURCiiilSE  OF  IjIUSTaRD  SEED 

Rather  precise  specifications  are  required  to  obtain  the  kind 
of  mustard  seed  desired  for  burned  area  sowing,  because  f^f  the  lack  of 
standardization  among  common  and  trade  names  for  the  various  species 
and  varieties  of  mustard.   The  follovfing  specifications  prepared  by 
the.  Calif  ornia  Forest  and  Range  Experiment  Station,,  assisted  by  the 
Regional  Fisca.I  Agent,  have  been  used  by  tlie  Forest  Service  in  pur- 
chasing mustard  seed  durirg  the  last  several  years    The  paragraphs 
shown  constitute  only  the  technical  portions  of  the  bid  form.   Details 
of  quantity,  delivery  point,  adherence  to  special  contractual  con- 
ditions, etc..  are  to  be  supplied  by  the  purchasing  agent  according  to 
customary  procurement  procedure. 

It  is  important  tliat  samples  be  drawn  immediately  on  receipt  of 
the  seed  (see  General  Specification  5)  in  order  to  avoid  delay  in 
certifying  claims  for  payment.   The  seed  samples  should  then  be  for- 
v/arded  promptly  to  the  California  Seed  Laboratory  for  testing  in 
accordance  with  Gen,.  Spec  ,  5'   The  penalty  clause  in  Gen.  Spec  6  is 
included  to  allov;  compensation  for  any  seed  that  might  fall  below  the 
minimum  requirement  in  germ.inati  on.,   The  inclusion  of  such  a  clause 
permits  sowixig  the  seed  immediately  on  delivery.,  avoiding  delay  in 
starting  the  sowing  job,-. 

Specifications  for  the  tvi'o  suitable  species  of  mustard  are  given 
in  paragraphs  A  and  B»   In  years  of  normal  seed  supplies  the  bid  v\rould 
customarily  be  v/orded  to  invite  quotations  on  only  the  less  costly  of 
the  two  species  of  seed.,   In  this  case  either  Specification  A  or 
Specification  B  would  be  deleted,  depending  on  which  species  is  more 
readily  available  or  cheaper, 

SPECIFICATION  A 

Mustard  seed  of  the  variety  Icnov/n  by  the  common  name  of  Black 
mustard  and  knov/n  in  botanical  science  as  Brassica  nigra..   This  seed  is 
sometimes  called  "Calif  ornia  Trieste  (cultivated)"/  "^eT~"'  "Trieste."' 
"Trieste  Brown,"  or  "Trieste  Red,"  but  the  variety  desired  in  this 
transaction  is  the  brovm-seeded  kind  grown  largely  in  th«  vicinity  of 
Lompoc,  California^  and  must  be  certified  to  have  been  grown  in  Calif- 
ornia,, 

SPECIFICATION  B 

Mustard  seed  of  the  vari  ety  kncwn  by  the  coramon  names  of  "Montana 
Trieste,"  "India"  or  "Indian"  mustard,  and  knov/n  in  botanical  science 
as  Brassica  juncea„   This  i£  a  brown-seeded  variety,,  the  seeds  of  which 
res'emble  but  run~Tlightly  larger  than  those  of  Brassica  nigra,  and 
which  is  produced  under  cultivation  in  Montana.  1/Yashington .  and  Oregono 
A  statement  certifying  the  source  of  the  seed  shall  be  provided, 
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GENERAL  SPECIFICATIONS 

lo  No  bid  on  any  variety  of  yellow=seeded  mustard,  either  domestic 
or  imported,  will  be  accepted,  even  though  these  be  designated 
as  varieties  of  the  botanical  species  Brassica  juncea» 

2o   All  seed  must  conform  to  the  provisions  of  the  California  Seed 
Law  and  quarantine  inspection  regulations,  particularly  as  to 
quality,  labeling^  and  conditions  of  shipments 

3.  All  seed  must  be  of  the  o  (insert  current  year)  o  crop,  of  a 
minimum  purity  of  ninety-seven  percent  (97^),  and  must  contain 
no  primary  or  secondary  noxious^weed  seeds  as  designated  by  the 
California  State  Department  of  Agriculture, 

4,  Mustard  seed  must  yield  a  minimxim  germination  of  eighty-=five  per^ 
cent  (85^)  in  seven  (7)  days^  as  determined  by  standard  test  of 
the  California  State  Department  of  Agriculture,  on  composite 
samples  drawn  in  accordance  with  Rules  and  Regulations  under  the 
Federal  Seed  Act  (see  pages  11  and  31,  Service  and  Regulatory 
Announcements  Noe  156,  Production  and  Marketing  Administration, 
February  1946), 

So  On  delivery  of  the  seed,  samples  shall  be  drawn  by  a  Government 
officer  who  will  send  them  to  the  California  Seed  Laboratory  at 
Sacramento,  California ^  for  the  standard  germination  and  purity 
tests.  If  he  wishes,  the  successful  bidder  may  have  a  representa- 
tive present  at  the  time  these  samples  are  extractedo  The  Seed 
Laboratory  will  report  to  the  Government  and  will  mail  a  copy  of 
the  report  directly  to  the  successful  bidder, 

6,  Should  the  germinability  of  the  samples,  chosen  as  outlined  in  the 
preceding  paragraphs,  from  the  seed  submitted  by  the  successful 
bidder,  fall  below  the  stipulated  minimimi  percentage ,  then  the  pay- 
ment for  the  seed  will  be  discounted  by  one-=tenth  (l/lO)  of  one 
cent  per  pound  for  each  percent  below  eighty=five  (85)  in  seven  (7) 
days,  as  shown  by  the  tests  of  the  California  Seed  Laboratory, 
(Such  penalty,  if  applied  esg©  to  a  hypothetical  total  purchase  of 
1000  pounds,  would  amount  to  $loOO  for  each  percent  deficiency.) 

7,  Successful  bidder  must  present  with  invoice  a  notarized  certificate 
to  the  effect  that  the  seed  furnished  is  of  at  least  as  high  quality 
in  all  respects  as  the  minimum  requirements  noted  above o 

8,  Delivery  shall  be  made  within  seven  (7)  days  after  notice  of  award 
is  received^   NOTICE  OF  AWARD  WILL  BE  GIVEN  SUCCETSSFUL  BIDDER  BY 
TELEPHONE  in  order  to  expedite  delivery^  and  later  confirpied  in 
writing.   If  delivery  time  herein  specified  cannot  be  complied  with 
by  bidder,  he  should  specify  minimum  time  required  for  delivery; 
otherwise,  the  terms  here  stated  will  be  mandatory  upon  successful 


bidder. 
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APPENDIX  2 

METHOD  OF  CALCULATING  NUMBER  OF  SEEDS  PER  POUND 
AND  WEIGHT  OF  MUSTARD  SEED  TO  BE  SOWN  PER  ACRE 


Mustard  seed  sovm  in  burned  areas  to  date  has  ranged  from  ap" 
proximately  147^000  seeds  per  pound  of  Brassica  juncea  grown  in  Montana 
to  302,000  seeds  per  pound  of  Bo  nigra  grown  in  California^   At  5  pounds 
per  acre,  this  would  amount  to  17  seeds  per  square  foot  and  35  seeds  per 
square  foot  respectivelyo   It  is  therefore  desirable  to  determine  the 
number  of  seeds  per  pound  for  each  lot  of  seed  delivered,  and  to  calculate 
the  weight  of  seed  to  be  sown  per  acre  in  order  to  attain  the  desired 
sowing  density  of  20  seeds  per  square  footo   This  determination  is  made 
as  follows: 

lo   Weigh  out  60  grains  of  mustard  seeded   (60  grains  ^  1  dram 

Apotho  ~  Ool25  ounce  Apotho  -  06  137  ounce  AYoir,,  ^  3o888  grams 
Metric  ~  Oo008571  pounds  Avoirs)   Local  druggists  are  usually 
glad  to  cooperate  by  weighing  the  seed, 

2o  Count  the  number  of  seeds  in  the  60-grain  sample o   Then^ 
assuming  for  this  calculation  that  there  are  1575  seeds 
in  the  sample  j, 

3o   1575   s  183<,759  seeds  per  po'und  (Avoirs) 
o008571 

4o   20  seeds  per  sq,  fto  x  43s560  sq,  fto  per  acre  ^  871,200 
seeds  desired  per  aoreo 

5e   871^200  m   4o74  IbSo  (Avoirs)  seed  required  per  acre, 
183,759 


8/     The  grain  is  common  to  Avoirdupois ,  Troy^  and  Apothecaries*  systems « 


APPENDIX  3 
INSTRUCTIONS  FOR  SAMPLING  MUSTARD  SEED 


In  sampling  any  seed  it  is  important  to  take  the  samples  so 
that  they  will  be  truly  representative  of  the  body  of  seed  sampledn    , 
The  sampling  procedure  under  the  Federal  Seed  Act  should  be  followed^— 
Portions  of  this  procedure  that  are  applicable  to  mustard  seed  are 
briefed  as  follows: 

lo   In  order  to  get  a  representative  sample,  equal  portions 
shall  be  taken  from  evenly  distributed  parts  of  the 
quantity  of  seed  to  be  sampled;  access  shall  be  had  to 
all  parts  of  that  quantity,, 

2„   A  probe,  or  trier,  long  enough  to  sample  all  portions  of 
tlie  bag  shall  be  usedo 

3.   As  the  seed  is  sampJ.ed,  each  portion  shall  be  examined;  if 
tliere  appears  to  be  a  lack  of  uniformity  the  portions  shall 
not  be  combined,  but  shall  be  retained  as  separate  samples 
to  determine  such  lack  of  uniformity  as  may  existo 

U-   VJlien  the  portions  appear  to  be  uniform,  they  shall  be  com- 
bined to  form  a  composite  sample^ 

5o   In  quantities  of  5  b^-gs  or  less  each  bag  shall  be  sampledo 

6.   In  quantities  of  more  than  5  bags,  at  least  every-  fifth  bag 
but  not  less  than  5  bags  shall  be  sampled., 

7o   VHien  a  shipment  consists  of  more  than  200  bags,  e  separate 
composite  sample  shall  be  taken  for  each  200  bags  or 
portion  thereofo 

80   Saraples  shall  be  drawn  from  unopened  bags  except  where  the 
identity  of  the  seed  has  been  preserved, 

9..   For  mustard  seed,  the  rainimum  weight  of  sample  to  be  sub- 
mitted is  5  ounces „ 


9/  USDA  Rules  and  Regulations  Under  the  Federa]  Seed  Act,  Production 
and  Marketing  Administration,  Service  and  Regulatory  Announcem.ents  Noc 
l^}b,    February  I9U6,  pages  11  and  51  ^ 


-22. 


Each  sample  should  be  plainly  marked  v/ith  the  following  data; 

Species  Sample  number 

Name  of  burn  where  seed  Where  sam.pled 

will  be  sown  Date  sampled 

Dealer's  name  Name  of  person  who  did 
Dealer's  lot  number  the  sampling 

The  probe  is  a  conical  metal  tube  v/ith  tapered  point  that  can  be 
inserted  betwoen  the  meslies  of  the  sacking  to  allow  sampling  the  seed 
without  opening  the  sack.   When  enough  seed  has  been  drawn,  the  probe 
is  pulled  out  and  the  hole  is  closed  by  pushing  tlie  meshes  back  to- 
gether.   Such  a  tool  can  usually  be  obtained  from  commercial  seed  dealers. 

If  a  regular  seed  probe  is  no"c  obtainable,  an  ordinary  glass  tube 
can  be  used„   It  should  have  a  bore  of  about  •5/16  inch..  shouJd  be  10  to 
12  inches  long,  and  should  huve  ti;e  ends  fused  to  dull  the  sharp,  cutting 
edges-.   The  cylindrical  bore  of  such  a  tube  is  a  drav/back,,  but  seed  can 
be  made  to  run  through  it  satisfactorily  if  the  tube  is  inserted  upward 
into  the  sack  and  then  v/ithdrawn  with  push-pull  motions.   A  glass  tube 
is  better  than  a  cylindrical  metal  one  because  the  operator  can  see  the 
cause  of  any  stoppage  in  seed  flov/   Care  should  be  used  to  avoid  break- 
ing tlie  tube  and  cutting  tiie  operator's  hand 

Tlxe  best  containers  for  mustard  seed  samples  are  5-P^'i^'^d  cloth 
sugar  sacks..   Ordinary  letter  envelopes  are  not  satisfactory.   Paper 
bags  can  be  used  provi.ded  three  bags  are  used  for  each  sample.,  placing 
one  bag  inside  another  to  give  a  triple  thiclcness  of  paper  around  the 
sample,   Each  sample  should  be  securely  closed  to  avoid  leakage  and 
mixing  of  the  seed,  and  labelled  with  full  identification  data.. 
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APPENDIX  k 
DETAILED  SUGGESTIONS  FOR  SOWING  BY  AIRCRAFT 

In  the  conduct  of    air-^raft  sowing  jobs,  certain  procedures 
have  been  found  superior  for  getting  the  job  done  with  efficiency,.   The 
follov;ing  suggestions,  based  on  Forest  Service  experience,  describe 
the  assignment  of  responsibilities  and  Jitit  the  equipment  needed  for 
certain  workers    They  also  tell  how  to  adjust  the  rate  of  sowing  and 
hovir  to  mark  the  sowing  area  boundaries,,  and  the  methods  found  best  for 
comm.unicati  on  between  ground  crev/s  and  pilots, 

Responsibi lities 

The  foreman  is  responsible  for  the  planning  and  execution  of 
the  work,  and  for  certifying  its  satisfactory  completion.   He  desig- 
nates the  are^is  to  be  sown  and  supervises  their  marking.   He  assists 
the  pi  Lot  in  setting  up  an  operations  base  and  v/orks  closely  with  the 
pilot  in  planning  and  conducting  the  job,   He  determines  the  number  of 
seeds  per  pound   calculates  tlie  vj'eiglit  of  seed  to  be  sovm  per  acre 
(Appendix  '■^)      and  helps  tlie  pi  ]  ot  make  preJiminary  adjustment  of  the 
seed  re, I  ease  me'''hani  sni,,   The  foreman  supervises  comnmnications,  and 
ttie  work  of  flagmen  and  ground  checkers  ,   He  is  also  responsible  for 
the  maintenance  of  an  adequate  supply  of  seed  at  the  operations  base, 
and  he  keeps  track  of  seed  use  and  acreage  sovm  to  guard  against  run- 
ning out  of  st^ed  before  tiie  job  is  done  . 

Efficient  and  conscientious  flagmen  are  essentia!    They  v/ork 
methodical  ly  througli  the  burn  by  prearranged  plan,,  to  mark  the  center 
of  each  sowing  s?/ath   By  appropriate  signals  they  advise  the  pilot  of 
changes  in  sowing  rate  or  line  of  flight  required  to  obtain  the  proper 
density  and  distribution  of  seed   As  time  permits  between  sowing 
flights,  they  make  counts  of  tlie  seed  sovm   to  supplem^ent  the  informa- 
tion obtained  by  the  ground  checkers    On  very  large  burns  it  is 
helpful  to  have  the  flagmen  plot  on  their  maps  the  area  sown  each  day,, 
for  report  to  tlie  job  foreman. 

It  is  important  tha-i-  flagmen  be  on  location  before  the  first 
sovifing  flight  of  the  day  and  not  leave  the  job  until  they  are  signalled 
to  come  in.   For  example,  it  may  h^ve   been  planned  to  start  sowing 
at  daybreak,,  but  at  ^OOO  am   the  plane  has  not  appeared.,  and  the 
wind  has  started  to  rise..   The  flagm.an  concludes  tliat  sov/ing  has  been 
called  off,,  and  he  leaves  his  post,   Hov/evor.  it  might  have  been  not 
the  local  wind  but  seme  trouble  at  the  airport  that  caused  the  delay^, 
Half  an  hour  later  the  trouble  has  been  corrected,  the  pi ict  makes  his 
first  flight,  and  finds  no  flagman  to  guide  him,, 
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The  fol] owing  equipment  for  each  flagman  should  be  assembled 
before  sowing  is  begun: 

1  bamboo  p^>le,  very  sturdy.  8  feet  long 

1  piece  white  muslin  ^  x  5  feet,  attached  as  flag  to  bamboo 

pole 
1  piece  whii-e  mus  J  in  ^  x  5  feet,  v;ith  center  hole  large 

enough  to  go  over  man's  head   This  is  v/orn  like  a 

poncho  to  make  the  flagman  more  readily  visible  to  the 

pij.ot . 
1  wire  frame  IP-   inches  square    This  is  used  in  counting  the 

seed  sov/n  and  may  be  carried  over  the  arm  or  around  the 

neck  when  not  in  use> 
1  knapsack 
1  notebook 
1  pencil 

1  topographic  map  shovifing  boundaries  of  burn  and  sov/ing  areas 
1  copy  of  signals  to  be  used  between  flagman  and  pilot 

Ground  observers,  or  "checkers,"  are  needed  to  determine  the 
average  density  at  v/hich  seed  is  being  sown  v/ithin  each  swath,,  and  to 
make  sure  that  the  swatiis  meet  or  overlap  to  avoid  missed  areas,,   In 
doing  this,  the  checker  v/alks  straiglit  across  a  sov/n  area,  and  counto 
tlie  mustard  seeds  in  square  foot  samp-i.e  areas    Sucli  counts  are  made 
at  regular  intervals  of  from.  10  to  50  feet,  deoending  on  the  length  of 
transect  and  size  of  the  area  to  be  sampled,   The  saraple  areas  are 
chosen  by  dropping  a  frame  of  No   9  telephone  wire,  1  foot  square,  on 
the  ground  at  random  at  predetermined  intervals,, 

In  checking  L'.eed  distribution,  the  steepness  of  slope  at  the 
counting  frame  must  be  considered   Perfect  distribution  of  the  mustard 
seed  on  level  grrjund  shou.Jd  give  an  average  of  20   seeds  per  square 
foot,  v;ith  a  range  of  about  10  to  30  seeds  per  square  fo^i+..   The  de- 
sired 20    seeds  per  square  foot  is  calculated  on  a  horizontal  basis. 
Because  the  projected  area  of  a  onG~fo':'t  square  frai.ie  lying  on  a  100 
percent  S-ii-pe  is  29  percent  less  than  ivhen  the  frame  is  lying  on  level 
ground.,  a  count  of  only  II4   seeds  within  the  frame  on  such  steep  slopes 
would  still  represent  correct  sov;ing  density,, 

A  ground  checker  usually  v/orks  within  shouting  distance  of  a 

flagman,  so  that  the  results  of  his  coiuits  can  be  communicated  immiedi  ~ 

ately  to  the  pi.-ot  by  flag  signal  if  it  is  found  desirable  to  cliange 

the  rate  of  sov/ing 

The  truck  driver  hauls  seed  to  the  operations  base,  assists  in 
loading  the  aircraft,,  operates  the  airporl  radio,  and  keeps  a  record 
of  the  amount  of  seed  sown  and  the  quantity  remaining  on  hando   Each 
night  he  reports  the  seed  data  to  the  foreman  for  use  in  checking 
overall  seed  distributiono 
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It  is  customary  for  the  agency  in  charge  of  sowing  to  assist 
the  pilot  in  obtaining  local  cooperation  in  the  use  of  flying  fields, 
clearance  for  operating  in  military  restricted  areas,  and  in  other 
problems  of  this  nature.   In  practice,  it  has  also  been  found  best  for 
the  sowing  agency  to  store  the  seed  prior  to  sovjing.  deliver  it  to  the 
operations  base,  end  assist  as  needed  in  loading  it  into  the  aircrafto 

Adjustments  for  Desired  Sowing  Rate 

Before  any  sowing  is  done  it  is  necessary  to  determine  the 
proper  setting  for  the  seed  metering  gate  to  give  tlie  correct  rate  of 
flow  v/ith  the  seed  to  be  sown..   It  is  also  necessary  to  determine  the 
optimum  height  tliat  the  aircraft  should  fly  above  the  ground  in  order 
to  sow  the  maximum  width  of  sv/ath ,   And  finally,,  the  optimum  flight 
spe'^d  should  be  determined    These  three  factors  affect  the  concentra- 
tion and  distribution  of  tlie  seed,  and  they  vary  with  different  seeds  c 
The  determinations  are  made  in  ground  and  flight  tests  that  normally 
require  5  or  1|  hours. 

If  the  pilot  has  sowed  mustard  vi/ith  the  same  aircraft  and  S'^ed- 
release  mechanism  (hopper,,  gates,  and  Venturi  flume)  he  will  know  the 
approximate  gate  settings  required  to  obtain  the  desired  sov\ring  density,, 
and  can  proceed  immediately  to  the  final  adjustments  in  flight,. 

If  the  pilot  has  not  had  experience  v/ith  mustard  seed  in  that 
particular  aircraft,  an  initial  test  of  the  seed-flow  rate  should  be 
made  on  the  ground  to  determine  the  approximate  setting  for  the  release 
gate.   This  setting  should  then  be  ch.ecked  in  flight.   The  ground  test 
is  made  in  tv\fo  steps: 


Preliminary  calculation 

a.   ICnown;  Li^^SO   square  feet  per  acre 
52Bcr'  fTelfireFlni  1  e 


8  ,25  feet„  width  of 
swath  required  to 
sow  1  acre  per  mile 
of  flight 


b   Assume:  100  feet  ■  width  of  swath  sovm 

Cc   Then;    100   =  12,,  12  acres  sovm   per  mile  of  flight 

d.  Knownj   This  lot  of  seed  is  to  be  sovifn  at  the  rate  of 

U-'lU   pounds  per  acre  (Appendix  2) 

e.  Then:    U-lh  ^^   12„12  -  57-^5  pounds  of  seed  to  be  sown 

per  mile  of  flight 

f.  lOiown:   At  90  miles  per  hour  it  takes  I|.0  seconds  to  go 

1  mile 

g„   Then:    In  I4.O  seconds  57 'U5  pounds  of  seed  should  be  re- 
leased,. 
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2.      Seed   flow  test 

a.  Put   29  pounds    of  mustard    seed   into   the   hopper 

b.  Open   the    seed-release    gate   and    let    seed   flov/  for   20 
seconds,    while    operating   the    seed   agitator   at   flying 
speed 

c .  If  the  metering  gate  is  correctly  set.  the  29  pounds 
of  seed  should  pass  from  the  hopper  into  the  Venturi 
flume  in  20  seconds;  adjust  the  gate  opening  and  re- 
peat   the   test    unti]    this   approximate   rate    is   attained.. 

In   flight,    the   rate    of   seed   flovj   may  be   changed  by   vibration    or 
other   factors.,      For   this    reason,    a    test   must   be  made  v;hile    fJying   to 
determine    the  final   setting   for    the   metering   gate,    and    to   determine 
the    optimum  height   above   grcixnd   and   speed   at  v;hich   scv/ing    should   be    done. 

The   flight    test    should   preferably  be  made   over    level    or   gentle 
slopes   v/ithin   the   area   to  be    sov/n.      But    if   the    sov/ing   area    is    too   re- 
mote  to   permit    ready  access    by  the   grriijnd   f^hecking   crew.,    or   if    its 
terrain   is    too   rough,,    an  alternate   site  must   be   used, 

Alternate    sites    used   to    date   for    the   flight    test    have    included 
a   pier    extending    into   tl;e    ocean,    a    sandy  beach,     and   airpiane    landing 
fields.       Testing    at    the    landing   field   ie   most   advantageous  when   sowing 
by  airplane   because   the   pi.lot    can   land   betvj-een    flights    and    observe   th 
results    of   each   test        But   care   must   be    used   not   to   broadcast   n.ustard 
where    it  might    establish    itself   as   an  undesirable  v/eed,    or    in   areas 
from  which   it   might    spread    to   become   a   nuisance.,      VHien    such   tests    are 
made    over   an  unsurfaced    landing  I'ield   and    the    seeds    germinate   and   gro,. ., 
tlie   agency   in   cliarge   of    sowing    should   accept    responsibility  for   cutting 
or   otherwise   destroying   the   young  mustard   plants   before   they  becom.e 
tall    enough   to  constitute   a   hazard   on   the   v\mvia.ys  , 

Close  observation  and  counting  of  the  m.ustard  seeds  are  required 
to  determine  the  width  of  svi^ath  sown  and  the  number  of  seeds  per  square 
foot  v/ithin  the  swath,.  First,  lay  on  the  ground,  at  10-foot  intervals 
across  the  airplane's  line  of  flight,  somie  material  that  v/ill  catch  and 
hold  the  seeds..  Then  have  tue  airplane  make  a  sowing  flight  over  the 
catchment  material  Finally  count  the  number  of  seeds  soivn  per  square 
foot,    and   measure   the  v/idth   of   sv/ath   covereid. 

For  the   counting,    seed   can  be   caught    on    long    strips    of   burlap, 
one-foot   squares    of   cardboard   coated  vjith   heavy  grease,    sticky  fly-paper, 
or   even  a   cleanly-swept    path   in   tlie  burned   area.       The    easiest   catch- 
ment  surface    to   use.    hov/ever.    has   been  found   to  be   ordinary  wax  paper 
coated  v/ith  fresh  varnish   or   paint,. 


e 


ow. 
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The  pieces  of  wax  paper  are  cut  about  1  foot  square  and  are 
anchored  to  the  ground  at  10=foot  intervals  for  a  distance  of  150 
feet  on  a  line  perpendicular  to  the  airplane's  line  of  flight.   The 
papers  are  then  varnished,  the  sowing  flight  is  made  j,  and  the  number 
of  seeds  per  square  foot  on  each  paper  is  determined  and  recorded. 
New  papers  can  be  quickly  placed  and  varnished  for  succeeding  test 
flights  as  needed*   Large  nails  are  handy  for  pegging  the  corners  of 
each  paper  to  the  groundo   If  the  tests  are  made  on  the  concrete  apron 
at  an  airport,  the  papers  can  be  "stuck"  down  by  wetting  the  concrete 
with  watero 

Test  flights  should  be  continued  with  adjustment  of  the  seed" 
metering  gate,  the  height  of  the  aircraft  above  ground,  and  the  fly- 
ing  speed  until  an  average  sowing  density  of  20  seeds  per  square  foot, 
with  a  range  of  approximately  10  to  30  seeds  per  square  foot,  and  a 
uniform  width  of  swath  are  attained^   The  tests  should  be  made  in 
still  air  because  a  breeze  of  even  5  mopoho  may  cause  uneven  seed 
distribution  and  drifts 

Marking  Boundaries  of  the  Sowing  Area 

All  boundary  marking  should  be  completed  by  the  sowing  agency 
before  arrival  of  the  airplanes  Materials  for  the  markers  should  be 
of  light  color,  and  durable  enough  to  withstand  heavy  rain  and  windo 
An  inexpensive  grade  of  white  muslin  is  best,  but  several  thicknesses 
of  newspaper  can  be  usedo   Such  markers  must  be  weighted  with  stones 
to  hold  them  against  the  wind«   Bentonite  and  similar  soluble  powders 
cannot  be  relied  on  to  remain  visible  for  several  days;  they  may  be 
washed  away  by  rain* 

Six=foot  squares  of  cloth  or  paper  make  markers  of  good  size 
for  airplane  sowing  jobs©   In  open  country  they  should  be  spaced  ^ 
mile  apart,  but  closer  spacing  may  be  required  if  the  sowing  boundary 
is  irregular.   Markers  are  more  easily  seen  on  prominent  ridges  than 
on  secondary  ridges  or  in  canyons;  cloth  spread  over  a  bush  is  more 
easily  seen  than  cloth  or  paper  laid  flat  on  the  groundo 

C  ommuni  c  at  i  ons 

Radio  communications  between  the  operations  base  and  vantage 
points  in  the  sowing  area  will  facilitate  large  projects  of  several 
thousand  acres,  but  is  not  usually  required  on  the  smaller  jobs^  If 
radio  is  used,  special  operators  should  be  provided  because  the  flag- 
men and  checkers  can  not  handle  it  in  addition  to  their  other  duties. 

In  the  sowing  jobs  done  to  date,  it  has  not  been  found  de- 
sirable to  equip  the  airplane  with  radio,  since  visible  signals  have 
been  adequate  for  communication  between  the  flagmen  and  checkers,  and 
the  pilots   The  signals  are  made  with  flags,  arms,  and  airplane 
maneuver  as  follows: 
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a„      To   inform  pilot   of  f]agman's    locaticn„      Flagman   raises    flag 
over   head  and  v/aves    it   back  and   forth   in  a   plane  perpendicular    to   the 
airplane's    line   of  flight.      l/Yhen   the  flagman    is    standing  in  direct 
sunlight,    the   use   of  a  mirror   is    the  best   means   of   signalling  a   pilot 
approaching  from  a   distance.      An  Air   Corps   signal  mirror    of  the    slotted 
type,    about   2-g  by  I4.  inches    in   size,    is   m.ost    convenient    for   this    use, 

b.  To  inform,  pilot  to  fly  farth.er  to  right  or  left.,  to  adjust 
for  wind-drift"  of  seed'  "Flagma'n  holds  flag  "extended  upv/ard  at  [4.^  de- 
gree  angle   tov/ard    side    to   v/liich   piJot    should   steer 

c.  To  inform  pilot  that  he  is  cut  of  seed.  Flagman  lays  flag 
on  ground , 

d>.       To   advise   pilot   to   increase    the    sov;ing   rate        Flagman  waves 
flag  back  and    forth  across    his    knees,    to  advise  pi'iot    to  v/atch  closejy 
for   arm  signal    to    follov/,      l-fhen    pilot    aeknov;ledges    by  vjiggling  v\;ings 
and    circling,    flagman   drops    flag   and   extends    arms    upward   at   14^  degree 
angle.    Y-fashion.    turning   to  keep   facing   pilot    until    signal    is    acknewl - 
edged 

e.  To   advise    pilot    to   decrease   the   sov/ing  rate  ,      Flagman  waves 
flae   back  and"  forth  across    his    laiees.    as    in   a     above.,      VYhen    pilot         . 
acknowledges.    1  lagman   drops    flag    and    extends    a rmiS^ pa.r>a.j!4iQ4Maig q¥iO'»»4»oQ'<»,. 
turning   to   keep   facing  pilot   until    signal   is    acknov/ledged, 

f.  Caliing-in   the    flagman.      Plane   circles    flagman   or   pilot 
gives    some   other^preferred   signal,      Sov/ing   operations   may   be   suspended 
at  any  hour   of  the   day  because   of   unfavorable  weather,    lov/  gasoline 
supply,    engine   trouble,    etc.      It   is    important    that   the    end   of   sowing 

be   signalled   so    that   tb.e   flagman  will   not   be    left    out    on   the  burn   until 
a  messenger  can   reach  him. 
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APPENDIX  5 
SPECIFICATIONS  FOR  AIRCRAFT  SERVICE  IN 
SOWING  MUSTARD  SEED^^''^ 

It  is  essential  that  the  aircraft  used  for  mustard  sowing  have 
enough  power  for  effective  and  safe  operation  close  to  the  ground  at 
the  altitude  at  which  sowing  is  done,.   In  addition.,  there  are  field 
responsibilities,  and  details  of  organization  and  operation,  that  must 
be  clearly  understood  by  the  sowing  agency  and  the  flying  contractor;, 
The  job  and  service  specifications  given  belov/  have  been  found  to  be 
a  desirable  minimum-   Suitable  clauses  to  insure  understandings  re- 
garding liability,  the  posting  of  performance  bonds „  and  certification 
of  the  work  before  payment  is  made  should  also  be  included  in  the 
specifications  for  aircraft  service o 

GENERAL 

The   a.i  rcrf.ft   and    such  personal    services    of   pilotfs)    and  mechanics    re- 
quired  in   these    t?pecif ications   are    for    use   in   soi/ving   mustard    seed   on 

»    .  .  .  ,      acres    recently  burned-over  v/ithin   the „ 

National   Forest,    operating   over   rugged   ground   terrain  that    ranges 
from      .  ,    ,  ,      feet    to    ,.    .  ,     ,  ,    feet    above    sea    level  „    as    shown   on   the 
map(s)    attacp.ed   hereto  ,  ,V 

Details    of    the   areas    to   be    sown  will   be   furnished   by  the    „  .v?9'''l'^i?S.  .  ,  o 
.  ^£??9y} .........  ,    by  map   and   general    r  ecormaiseance,. 

The    contractor  v/111   be    expected   to    obtain  all  waivers    and   authoriza- 
tions   to   al.Low  him   to   operate   the   aircraft   in  connection  with  fulfill- 
ment   of   tnis    contract;    however,    the    .....  (?9Ying. agency) ^   will 

assist    in   any  vvay   possible    to    obtain    such  authority,,    waiver,     etc,    and 
permits    to    utilize   the   best   available   flying   fields. 

Flights    under   this    contract    involve   hazardous    combinations    of   altitude, 
rugged   topography,    and  v/eather  .      Their    successful    completion   requires 
experienced   pilots    and   good    equipment  v\fith   sufficient    power   to    enable 
the   aircraft   to  get    dov/n   into   deep   and  narrov/   canyons    and   maneuver 
without   danger    of   crashing   into   the    canyon  v/alls  , 


10/      Revised   February   19'!-l-8   by   the   Forest    Service   Regional    Office,    R-5.- 
aria   the   Califorrla    Forest   and   Range   Experiment   Station,, 

11/      Tv\fo   maps   are    usually  desirable:     (1)    section   of    current    C,.AoA„ 
"Se"ctional    Aeronautical    Chart,    and    (2.)    topographic   map   shov/ing   area(s) 
to  be   sovm,,      The    area   covered  by  the   topographic   map   should  be    clearly 
indicated   on   the  C-,A  A      chart, 
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SPECIFICATIONS 

1„   Seed  v/ill  be  furnished  by  the    .  (?9y;'P;S.^g?n9y) and  de- 
livered to  the  pilot  at  points  agreed  upon,  in  or  near  tlie  burned 
area„  wii;hout  cost  to  the  contractor. 

2.   The  ..  .{?9Vk^!;.'^£f^5y) will  provide,  v/itliour  cost  to  the 

contractor,  adequate  storage  facilities  for  the  seed  up  to  the 
time  it  is  loaded  into  the  aircraft;  the  trucks  required  to  trans- 
port seed  as  needed  in  conduct  of  the  job:  and  the  man-power  re- 
quired to  make  the  sowing  test(s"),:  load  seed  into  the  aircraft 
and  mark  sov/ing  boundaries  within  the  burned  area. 

5..   The  mustard  seed  is  to  be  sov/n  at  from  approximately  3  to  6  pounds 
per  acre   depending  upon  the  size  of  seed  furnished  for  the  job. 
The  determination  of  seed  size  and  the  number  of  pounds  to  be  sown 
per  acre  will  be  made  on  the  job  by  the  .   ,  (§ov/ing,  aggrKjy")  ^  ,  .  ,.  ^ 

I|.   After  avifard  is  made  to  the  contractor  and  prior  to  actual  starting 
of  the  sowing,  a  representative  of  the  ..-(??¥;;!£  ^ag^njy) .._..  . 
will,,  in  company  Vifith  tlie  pijct,  conduct  a  sovnng  test  with  the 
aircraft  to  be  used  and  v/ill  detern:ine  the  proper  adjustment  of  the 
seed  release  mechanism  to  be  used  in  sowing   Such  test(s)  should 
not  exceed  I4.   liours  total  time.   The  test(s)  will  be  mad^  at  the  ex- 
pense of  the  contractor  in  or  near  the  burned  area,  just  before  the 
start  of  tiie  sowing  job. 

5   The  v/ork  is  to  begin  within  in  calendar  days  after  receipt  of  the 
contractor's  notification  to  proceed  with  the  job.   It  is  expe'^ted 
that  such  notification  wi.l  f  be  gi  ven  about  .  ,  .  .  ,  i'i-^tf} ............ 

6,  The  work  is  to  be  completed  as  rapidly  as  flying  conditions  permit 
It  is  assumed  that  from  5  to  5  early  morning  hours  wi  .i  1  be  the  beot 
for  flying   ov/ing  to  adverse  air  conditions  that  may  prevail  later 
in  th.e  day 

7,  The  contractor  will  be  required  to  provide  the  stipulated  aircraft 
licensed  by  the  Department  of  Commerce  in  approved  mechanical  con- 
dition, together  v/ith  all  equipment  required  for  proper  and  oomip'ete 
fulfillment  of  the  servioe  requirements  as  outlined  in  and  made  a 
part  of  these  bid  specifications 

8,  During  any  part  of  the  period  covered  by  the  contract,,  the  decision 
of  an  inspector  from  the  C^vil  Aeronautics  Administration,,  Depart- 
ment of  Commerce  as  to  the  serviceabi  .i  ity  of  the  aircraft  will  be 
accepted  as  final 


•  •sj 


SERVICE  REQUIREMENTS 
The  aircraft  supplied  shall: 

1,  Be  equipped  with  engine(s)  capable  of  developing  adequate  h,p.  with 
reserve  power  for  safe  operation  over  rugged  terrain  up  to  the 
maximum  altitude  at  which  sowing  will  be  done. 

2,  Have  a  minimum  payload  capacity  of  400  pounds  with  a  service  ceiling 
of  at  least  10,000  feet, 

3,  Be  equipped  with  seed  hopper  and  seed  releasing  mechanism  capable  of 
adjustment  to  provide  uniform  ground  distribution  of  from  10  to  30 
mustard  seeds  per  square  foot,  final  adjustment  to  be  made  on  the  job 
with  the  seed  that  is  actually  to  be  sown. 

4,  Be  equipped  with  adequate  safety  devices  for  the  protection  of 
o.c(?9Sl9y??.9Co"^he  ^sowing  ^agency)  _^  should  it  be  necessary  for  him 
to  accompany  a  flight. 

Fixed-wing  aircraft 

5,  Airplanes  in  first  class  condition  with  low-time  engine(s)  capable  of 
developing  adequate  h.p.  (see  Item  1  above),  a  payload  of  at  least 

500  pounds,  and  a  service  ceiling  of  10,000  feet  or  more  are  preferred, 
Such  payload  shall  include  only  the  weight  of  the  cargo  furnished  by 
the  ..oo.o(§9^ir^5o^S??§y} 


o  o  o  o  o 


6.  Experience  has  shown  that  the  flight  elevation  above  ground  while 
sowing  should  not  exceed  300  feet. 

I?otary-wing  aircraft 

7.  The  helicopter  supplied  shall  be  adequately  powered  for  jump  takeoff, 
hovering  with  ground  effect,  spot  landing,  and  safe  operation  at 
elevations  up  to  5,000  feet,  with  minimum  of  175  pounds  payload  in 
excess  of  flight  crew  and  fuel  for  45=minute  flighto 

8.  Experience  has  shown  that  the  seed  should  be  broadcast  at  a  height  of 
about  50  feet  above  the  ground. 
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FOREST  RESEARCH  NOTES 

U.S.DEPARTMENT  OF  AGRICULTURE 
FOREST  SERVICE 

CALIFORNIA  FOREST  AND  RANGE 
EXPERIMENT    STATION* 

M.W.TALBOT,       Acting    Director 


No.    41  ^_   r'-^^-    :  December   27,    1944 

SITE   PREPARATION  AS   AN  AID   TO   SUGAR  PINE    REGENEPJITION^ 


H.    A.    Powells,    Associate    Silviculturist 


On  many    thousands    of   acres  of    cut-over   timber    lands  in 
California,    brush   of    various    species    has    gained    such   control    of   the 
soil  that   the    success    of   natural    reproduction   is    problematical. 
This    condition   is    particularly   serious    in  the   high    site    quality 
sugar   pine-white   fir   and    sugar   pine-ponderosa  pine    types,—/  where 
the   maintenance    of  sugar   pine    in  the    stands   is    a    silvi cultural 
objective.      Observations   have    indicated  that   sugar   pine    seedlings 
are    not   able   to    compete    successfully  enough  with  established   brush 
to   insure    a   desirable    stand.      To   take    advantage    of   the    infrequent 
heavy   sugar   pine    seed    crops,    it   appears   that   brush   competition 
should   be   removed   to   increase   the    chances    of   natural   reproduction. 
This    study  was    designed,    therefore,    (l)    to   determine   whether    clearing 
the    brush  from  unstocked   areas    during    a   good    sugar   pine    seed  year 
would   foster   natural   regeneration   of   sugar   pine,    (2)    incidentally 
to    compare    the    effectiveness    of   three   methods    of   establishing 
reproduction:    natural    seeding,    seed   spotting,    and   planting    on  the 
cleared  areas. 


1/    Grateful    acknowledgment    is   made   to  E.    A.    Morrow,    California 
Forest    and    Range   Experiment    Station,    who  directed    site    preparation, 
and   to  Duncan  Dunning,    California  Forest   and  Range   Experiment    Station, 
who  reviewed   the    plans    and   results    of  the    study. 

2/  Sugar   pine,    Pinus    lambertiana;    ponderosa   pine,    P.    ponderosa; 
white    fir,    Abies    cone ol or. 


*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 

Agriculture — Berkeley 


Procedure 

Areas    treated.-   The    study  was    conducted    on  the    Stanislaus 
National   Forest   near  the   Stanislaus   Branch,    California  Forest   and 
Range  Experiment    Station.      Four^  general    locations    were    selected   for 
treatment,    a   south   slope    with   a   ground    cover    of   bear-clover    (Chamae- 
batla   f ollolosa)    and   three   north   slope    locations   with   a   ground    cover 
of  high   brush,    primarily  whitethorn   (Ceanothus    cordulatus).      Specific 
areas    selected   for    clearing  were    about   half   a   chain   square,    were    not 
stocked  with   seedlings,    and  were    within   150   feet    of   a  bearing   sugar 
pine    seed   tree.      During   the    latter    part    of  August    1941,    17   such   areas 
were    cleared   in  bear-clover   and    20   in  high   brush.      On  the    south   slope, 
surrounding  the    plots    in  the    bear-clover,    there    were    13   bearing   sugar 
pine    seed   trees    on  which   a   total    of   458    cones   were    counted.      Surrounding 
the    plots    in  high   brush   on  the    north    slope    there   were    19    bearing   trees 
on  which    1,419    cones    were    counted.      In   comparison  to   cone    crops    ob- 
served  over    a  period    of   years,    this    crop  would   be    classed   as   heavy. 

Clearing.-   The    brush  was    removed   by  means    of   a   20   h.p.    tractor 
equipped   with    a  toothed   blade    designed   by  the    Division   of   Plant  Disease 
Control-^to  eradicate    concentrated   Rlbes.      In  high   brush  the    rooting 
out    of   a   few   clumps    often   cleared   the    entire    area.      In  bear-clover, 
however,    it  was   necessary  to   cover   the    area   in   two    directions,    at  right 
angles   to  each   other.      After   the    brush  was    removed,   the   tractor   was 
backed   across   with  the    blade    lowered   to    level   the    soil.      The   tractor 
driver   was    assisted   by   a  helper   who    located   hidden    stumps,    logs,    and 
boulders,    and    cleaned  brush   from  the    teeth   of   the    blade.      An   average 
of   about    30  minutes   was    required  to   strip  the   brush  from  each   area. 
A  tractor  with  more    power    and    a  blade   with  teeth   spaced   farther    apart 
so  that   dirt   would  not   pile    up  would   have    decreased  the   time    consider- 
ably. 

Plot   design.-   In  each   of   the    37   cleared   areas    a   plot    24   feet 
square    was    laid   out.      Each   plot   was    divided    into    64   quadrats,    3   feet 
square,    4   of   which  were    designated   for    sampling   seed    supply,    16   for 
natural    reproduction,    16   for   seed    spotting,    and    16   for   planting. 
The    remaining   12   quadrats   were    available    for    shifting   any   of  the 
natural,    seed-spot,    or    planting   quadrats   to   avoid   rocks    or    stumps. 

Sampling  seed  supply.-  Four  seed  traps,  2.86  feet  square  inside 
dimension,  were  placed  in  each  plot  during  the  first  part  of  September 
to  sample  the   seed  fall   on  the   plots. 


y  Offord,   H,    R.,    J.    F.    Beakey,    and   L,    P.    Winslow.      The    eradi- 
cation  of   upland   Ribes   by  power   equipment.      Division   of   Plant   Disease 
Control,    Bureau   of  Entomology  and   Plant   Quarantine,    Berkeley,    California, 
March   12,    1940.      (Office    report,    typewritten.) 
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Natural  reproduction.-  Quadrats  reserved  for  sampling  natural 
reproduction  were  disturbed  as  little  as  possible  during  the  process 
of  seed  sampling   and   planting. 

Seed    spotting.-    On  November    12,    1941,    five    seeds    were    planted 
about    one -half   inch   deep   in   each   of   the    16    seed-spot    quadrats    per   plot. 
Each   seed    spot   was    covered  with   a   conical    hardware    cloth   rodent    screen 
set   about    2    inches    into   the    soil.      The    seed   was    a    local    lot   that   had 
just   been   collected. 

Planting.-  A   sugar   pine    1-1  transplant   was   planted   on  November 
12,    1941,    by  the    side-hole   method   in  each   of  the    16    quadrats    of   each 
plot.      The    stock  was    obtained   from  the    Feather   River   nursery  a   few 
days    prior   to   planting. 

Results 

Seed  supply.-  In  November  1941,  there  were  on  an  average,  1.4 
good  sugar  pine  seeds  per  trap  in  the  bear-clover  plots  and  2.6  good 
seeds  per  trap  in  the  high  brush  plots.   On  the  basis  of  this  sample, 
it  might  be  expected  that  about  70  percent  of  the  natural  reproduction 
quadrats  would  have  received  one  or  more  good  sugar  pine  seeds. 

Natural  seedlings.-  During  the  spring  and  summer  of  1942,  only 
17  natural  seedlings  germinated  in  14  of  the  592  natural  reproduction 
quadrats  of  the  37  plots.   Only  5  seedlings  were  alive  at  the  end  of 
the  first  season.   Natural  reproduction  thus  was  practically  a  failure. 

Seed  spots.-  In  the  first  season  one  or  more  seedlings  germinated 
in  92  percent  of  the  seed  spots.   In  27  percent  of  the  spots,  all  5  seeds 
germinated.   On  the  basis  of  total  number  of  seeds  planted,  the  rate  of 
germination  was  68  percent. 

The  percent  of  seed  spots  stocked,  the  average  number  of  seedj.ings 
per  stocked  spot,  and  the  average  height  of  the  tallest  seedling  per  spot 
are  given  in  table  1  for  the  first  3  years  of  the  study. 


Table  Ic-  Survival  and  height  of  seedlings  in  seed  spots  on  cleared  sites 


Height!/  of 
tallest  seed- 
ling per  spot 


Former  cover 


Stocked  seed  spots 


Seedlings  per 
stocked  seed  spot 


1942  .  1943  .  1944  .  1942  .  1943  .  1944 


1943    .    1944 


Bear-clover 
High  brush 


Percent    Percent   Percent 


Inches      Inches 


59 

21 

15 

2.9 

2.0 

1.8 

1.7 

2.2 

87 

75 

67 

3.1 

2.8 

2.7 

2.6 

3.6 

\j    Height  measured   from  cotyledon   scar. 
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Planted  stock.-  Survival  and  height  of  the  planted  trees  are 


:iven  in  table  2. 


Table  2.-  Survival  and  height  of  planted  stock  on  cleared  sites 


Survival 

He- 

Lghi 

>!/ 

/ 

Former   cover 

.      1942      " 

1943    ; 

1944 

1943 

: 

1944 

Percent 

Percent 

Percent 

Inches 

Inches 

Bear-clover 

58 

38 

34 

4.7 

5.4 

High   brush 

47 

45 

41 

5.1 

6.6 

l/  Height  measured  from  the  cotyledon  scar 


Discussion 

It  is  obvious  that,  in  spite  of  a  heavy  seed  crop,  natural 
reproduction  was  practically  a  failure.   The  failure  was  probably 
the  result  of  rodent  depredations."  Clearing  of  the  small  areas  very 
likely  provided  a  very  good  opportunity  for  rodents  to  find  the  large 
sugar  pine  seeds.   Site  preparation  to  take  full  advantage  of  seed 
crops  should  be  accompanied  by  thorough  rodent  control. 

In  the  area  cleared  of  high  brush,  seed  spotting  was  more 
effective  than  planting.   In  the  bear-clover  area,  however,  planting 
was  more  effective.   This  might  be  explained  by  the  fact  that  the 
bear-clover  sprouted  back  so  quickly  that  by  the  second  season  it 
had  overtopped  the  seedlings.   The  planted  stock,  being  several  inches 
taller,  was  not  so  completely  dominated. 

After  3  years  very  little  of  the  high  brush  species  has  sprouted 
back  or  has  grown  from  seed  in  the  cleared  areas.   It  appears  quite 
probable  that  the  sugar  pine  from  the  seeding  and  planting  will  become 
established  in  these  before  the  brush  can  regain  control. 
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Summary 

The   brush   cover    of   bear-clover    or    high   brush   was    removed 
mechanically  from  37  unstocked   areas   in  cut-over   stands   in  antici- 
pation  of   a   good    sugar   pine    seed   crop.      In  the    cleared  areas,    plots 
were  established  to  determine   whether   natural   seedlings  would   result 
and  to   compare    the   effectiveness    of  natural   reproduction,    seed   spot- 
ting under   screens,    and   planting. 

In   spite    of   a   good    seed   fall,    natural   reproduction   was    a 
failure,    probably  because    of    rodent   depredations. 

After    3   years,    seed    spotting  was    less    effective   than  planting 
in  areas    cleared    in  bear-clover   but   was   more    effective   than  planting 
in  areas    cleared  in  high  brush.      A  fair   percentage    of  the    sugar   pine 
from   seed   and   planting    survived   and   grew  well   through  the   third    season, 
indicating   possibilities    of    successful   establishment   before    brush  regains 
control . 
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M.W.TALBOT,       Acling    Director 


l'i.eMilikc\i\    L.'   'r'j.  February  13,  1945 

PI±Uv1ETER  -C  lA^  S  VOL'P'E  TABL^^S  FOP  CALIFORJi  I A 
OLD -GRQi^^TH  TIMBER 
By 
Duncan  Dunning,  SerL.ior  Sil vicultnrist 


Tables  giving  average  tree  volumes  by  breast-height  din.neter  classes 
freatiently  may  be  used  in  tiir.ber  cruising  to  save  money,  time,  and  men. 
Such  tables  may  be  approprit te  in  cruises  of  large  areas  having  many  trees, 
in  lor-intensity  crvdses  warranting  the  sacrifice  in  accuracy  that  results 
from  omission  of  individual  tree  height  measurements,  during  wartime  when 
men  are  scarce  or  when  inexperienced  en, isers  have  difficultv  in  estimet- 
ing  heights.   In  response  to  num.erous  recent  requests  from  cruisers  and 
forest  land  agencies,  nine  of  the  more  important  tables  used  by  the  Forest 
Service  in  Cilifornia  are  here  presented  in  diaiiioter  class  form, 

T?iese  tables  are  derived  from  the  standard  Region  5  (C'lifornia) 
site  class  tables  (seperately  identified  in  footnotes)  by  reading  the 
volume  for  the  tree  of  aA^erage  height  in  each  diameter  class.   The  aver- 
age heights,  also  given  in  the  tables,  ■'^'■ero  read  from  D.B.K,  -  merchant- 
able height  curves  dravm  from  the  original  tree  mef'surements  used  in  con- 
structing the  sito-clt'KS  tables.   The  log  rule  used  is  the  Scribner 
Decimal  "C".   The  trees  were  sc;  led  in  16-foot  logs  with  O.S  fr.  trim- 
m.ing  and  1.5  ft,  stump  .'.>llo-'\'-c  nces  to  a  top  dia}tieter  inside  bark  of  (? 
inches . 

The  only  tables  thvis  far  converted  to  the  dianeter  class  form  are 
for  ponderosa  pine,  sugar  pine,  and  V'^hite  fir.   From  records  in  the 
California  Poorest  and  Range  ExoerimLont  Strtion  tables  for  several  other 
species  can  be  similarly  converted  if  this  first  series  proves  to  be 
satis^'actory. 


*  MAINTAINED  AT  BERKELEY,  CALIFORNIA.  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA, 


VOLTTI!E  TABLES  FOR  C/vIJFORJ'lA  OLD-GRO'"'TH  TIMBER 


PO!^ 

DEROSA 

FIKEli/ 

Board  Foot  -  Scribner 

Deoimi"  1 

"C" 

Rule 

Site  I  - 

17.^/ 

Sito  II  - 

150l/ 

:  Site  III 

2/ 

Site  IV  -  100^/ 

D.b.h. 

3/ 

Height- 

Vo  lU!  16 

3/- 

Volume 

3/= 

Volume 

3/ 

H-i?;ht~ 

Volume 

Inches 

16'  lo.^s 

10  B.f. 

16«  logs 

10  B.f. 

IC  log 

3 

10  B.f. 

16'  logs 

10  B.f. 

12 

1.7 

5 

2.1 

7 

1.8 

7 

1.1 

3 

14 

2.4 

10 

2.9 

13 

2.6 

14 

1.9 

8 

16 

S.O 

15 

3.5 

2u 

3.2 

21 

2.6 

14 

18 

3.6 

23 

4.0 

29 

3.7 

30 

3.2 

22 

20 

4.2 

S3 

4 . 5 

39 

4.1 

40 

3.7 

32 

22 

4.8 

48 

^.9 

54 

4.4 

53 

4.1 

44 

24 

5.3 

64 

5.3 

69 

4.7 

68 

4.4 

59 

26 

5.B 

83 

5.7 

90 

5.0 

87 

4.6 

75 

28 

6.3 

106 

6.1 

114 

5.2 

108 

4.8 

96 

30 

6.7 

1?6 

6.4 

142 

5.4 

133 

5.0 

115 

32 

7.1 

173 

6.7 

174 

5.6 

163 

5.2 

144 

34 

7.5 

213 

7.0 

210 

5.8 

193 

5.4 

172 

S6 

7.9 

256 

7.3 

250 

6.0 

226 

5.6 

206 

38 

C.3 

303 

7.6 

293 

261 

5.8 

237 

40 

B.7 

355 

7.8 

336 

6.4 

302 

5.9 

268 

42 

9.0 

406 

e.o 

382 

6.6 

345 

6.0 

309 

44 

9.3 

464 

8.2 

434 

6.8 

393 

6.1 

349 

46 

9.6 

527 

8.4 

492 

7.0 

4'^6 

6.2 

400 

48 

9.8 

588 

8.6 

554 

7.2 

504 

6.3 

446 

50 

10.0 

G53 

8.8 

6>1 

7.3 

556 

6.-. 

492 

52 

10.2 

722 

9,0 

6^2 

7.4 

613 

6.5 

531 

54 

10.1 

796 

9.2 

7r:9 

7.5 

675 

e.s 

582 

56 

10.5 

R70 

9.4 

P66 

7.6 

7'i2 

6.7 

627 

,^S 

10.6 

94i8 

9.5 

938 

7.7 

813 

6.8 

677 

60 

10.7 

1031 

9.6 

1025 

7.8 

886 

6.8 

729 

62 

10.8 

1118 

9.7 

1117 

64 

10.9 

1206 

9 . 8 

1217 

;  66 

11.0 

1300 

9.9 

132u 

68 

11.1 

1394 

10.0 

14^0 

70 

11.2 

1^.99 

10.1 

1562 

72 

11.2 

1590 

1/  Volumes  for  Sites  1-175,  II-15'J,  and  III-125 
for  Region  5  prepr.red  by  Dv.nc^.n  Dunning  in  1922. 
from  Research  Note  No.  32,  C<^.lif.  Forest  .-.'nd  Rr-n 
Tables  for  Pondcrosr.  Pine  on  Site  IV-100  in  C^  li 


V.  A.  Clements,  Berkeley,  Grlif., 


M?' 


10,  1945. 


2/  Total  height  in  foet  of  average  dorainpnt  tre 
tion  of  site  classes  see  Research  Ivote  wo.  28,  C 
A  Site  Classificption  for  the  Mixed-Conifer  Selo 
Heveda,  by  Duncan  Dunning,  Berkeley,  C-^ilif.,  Dec 
S/  To  8  inches  top  diameter,  inside  b^rk.  To  c 
above  ground  in  feet,  multiply  the  number  of  log 
lavercge  merchantable  height  of  the  20 -inch  trees 
14,2  (16.3)  +  1.5  =  70  feet. 
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;  re  from  USr'S  sito-clrss  tables 
Volumes  for  Site  IV-100  are 
ge  Exp.  Str  . ,  T-^per  pnd  Volume 
fornia,  by  R.  F.  Koniston  .-^nd 

es  r.t  500  ye:.rs.   For  dcscrip- 
c.lif.  Forest  '  nd  R- nge  Exp.  Sta . , 
ction  Forests  of  the  Sierra 
.  1,  1942. 

onvert  to  height  of  top  section 
s  by  16.3  '-ind  pdd  1.5.   Thus  the 
on  Site  1-175  is: 
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VOLin'^E  TABJES  FOP,  CivLIFORHI.-L  OLD-GROWTH  TIMBER 


~ 

S\]GaR   PIl 

:si/ 

- 

Board  Feet 

-  Scribncr  Decim&l  "C"  Rn 

le 

D.b.h. 

Rite  I  - 

175£/ 

Site  II  - 

2/ 
150- 

3/  '' 

Volume 

Keightl/   : 

Yolume 

Inches 
12 

16'  logs 
1.6 

10  B.f. 
5 

16'  logs 

10  B.f. 

1.3 

4 

1            ■'•^ 

2,2 

9 

2.1 

10 

16 

2.8 

14 

2.8 

16 

18 

3.4 

21 

3.5 

24 

20 

3.9 

29 

4.1 

•   34 

22 

4.4 

41 

4.7 

48 

24 

4.9 

55 

5.2 

64 

26 

5.4 

73 

5.6 

81 

20 

5.8 

92 

5.9 

100 

50 

6,2 

113 

6,2 

121 

32 

6.6 

140 

6.4 

142 

?4 

7.0 

170 

6.6 

167 

36 

7.4 

206 

6.8 

195 

38 

7.8 

245 

7.0 

225 

40 

8,2 

287 

7.2 

258 

42 

8.5 

330 

7.35 

292 

44 

8.8 

380 

7.5 

330 

46 

9.1 

43-* 

7.65 

375 

48 

9.4 

494 

7.8 

422 

50 

9.6 

552 

7.95 

478 

52 

9.8 

614 

8.1 

533 

54 

10.0 

677 

d.25 

595 

56 

10.2 

745 

8.4 

663 

58 

10 , 3 

610 

8.55 

737 

1            GO 

10.4 

872 

8.7 

804 

62 

10.5 

940 

8.85 

863 

64 

10.6 

1014 

9.0 

916 

66 

10.7 

1080 

9.15 

969 

68 

10.8 

1150 

9.3 

1016 

70 

10.8 

ILIO 

9.4 

1063 

72 

10.9 

1277 

9.5 

1122 

74 

10 . 9 

13  37 

9.6 

1188 

i            76 

11.0 

14u9 

9.7 

1256 

78 

11.0 

1473 

9.8 

1330 

80 

11.0 

1540 

9.9 

1410 

82 

11.1 

1622 

10.0 

:i92 

84 

11.1 

1690 

10.1 

1578 

66 

11.1 

1758 

10.2 

1666 

88 

11.1 

1823 

10.3 

1754 

90 

11.1 

1892 

10.4 

18'x5 

92 

11.1 

1962 

94 

11.2 

2052 

96 

11.2 

2123 

98 

11.2 

2199 

100 

11.2 

22  75 

T/  Volumes  are  derived  from  USFS,  Region  5, 
I  and  II,  prepared  by  Dunce.n  Dunning  in  1925. 
2/,  3/  See  footnotes  2  and  3,  ponderosa  pine 
"   "  -3- 
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voLin:E  Tables  fop.  c.-aLIFormia  old-gp.o^yth  timber 


"t^ITE  FIrI/ 


Soard  Feet  -  Scribncr  Decimal  "C"  Rule 


D.b.h. 


2/ 
Site  I  -  175-^ 


3/' 
Height-'^  :  Volume 


Site  II  -  15C>^^ 


'6  '' 

Heifht—  :  Volume 


2/ 
Sita  III  -  12&i'^ 


Hejghtl.  ;  Volume 


Inches 

16*  logs 

10  B.f, 

16'  logs 

10  B.f. 

16'  logs 

10  B.f. 

12 

1.8 

6 

1.0 

5 

1.0 

4 

14 

2.5 

10 

1.9 

9 

1.6 

8 

16 

3.2 

17 

2.7 

16 

2,2 

12 

18 

3.9 

27 

3,4 

24 

2.8 

18 

20 

4.5 

39 

4.0 

35 

3.4 

27 

2^ 

5.1 

57 

..6 

50 

4.0 

40 

24 

5,6 

76 

5.1 

66 

4.5 

55 

26 

6.1 

99 

5.5 

84 

4.9 

71 

28 

6,5 

124 

5.9 

105 

5.3 

88 

30 

6.9 

151 

6.3 

127 

5.6 

104 

32 

7.3 

183 

6,6 

151 

5.9 

122 

3'i 

7.7 

217 

6.9 

176 

6.2 

154 

36 

8.0 

253 

7.2 

204 

6.5 

181 

38 

8.3 

291 

7.5 

237 

6.7 

212 

40 

8.6 

334 

7.8 

2  73 

6.9 

242 

42 

8.9 

379 

8,0 

308 

7.1 

275 

44 

9.2 

429 

8.2 

345 

7.3 

311 

46 

9.5 

':l:80 

8.4 

386 

7.5 

349 

48 

9.7 

532 

8.6 

431 

7.7 

390 

50 

9.9 

£85 

8.8 

478 

7,9 

435 

52 

10.1 

639 

9.0 

528 

8.1 

'i81 

54 

10.3 

695 

9.2 

580 

8.2 

525 

56 

10.5 

750 

9.- 

633 

8,3 

572 

58 

10.7 

810 

9.5 

685 

•  8.4 

621 

60 

10.8 

867 

9.6 

740 

8.5 

674 

62 

10 . 9 

930 

9.7 

804 

64 

11.0 

990 

9.8 

861 

66 

11.1 

1051 

9.9 

934 

68 

11.2 

1108 

70 

11.3 

1158 

72 

11.4 

1220 

l/  Volumes  for  Sites  1-175  and  11-150  are  from  USPS,  :.  t^ion  5,  slte- 

"cIrss  tables  prepared  by  Donald  Bruce  in  1921.   Volumes  for  Site  III-125 

are  from  the  Region  5  Site  III  tallc  prepared  by  Luncen  Dunr.ing  in  1921, 

if,    3/  See  footnotes  2  end  3,  ponderosa  pine  table,  p.  2, 
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FIRST-SEASON  RECORDS  OF  CATTLE  WEIGHTS  FROM  A  PINE- 
TIMBER  RANGE  AND  A  MOUNTAIN  MEADOW  RANGE 

By 

M.  W.  Talbot,  Associate  Director,  and 
A.  L.  Hormay,  Associate  Forest  Ecologist 


Grazing  grounds  in  the  mountains  of  northeastern  California  furnish 
summer  forage  for  large  numbers  of  cattle  and  sheep.   The  most  efficient 
utilization  of  this  forage  poses  problems  of  concern  to  both  the  stockman 
and  the  public- land  administrator.  One  of  these  problems  centers  around 
the  value  of  forage  grown  in  the  timber  type  (fig.  1)  compared  with  that 
grown  in  the  meadows  and  flats  (fig.  2)  —  the  subject  of  this  report. 

These  summer  cattle  ranges  consist  of  intermingled  meadow,  sage- 
brush, and  open  pine- timber  types.   Cattle  graze  principally  in  the  meadov/s 
and  surrounding  sagebrush  fringes  from  May  or  June  until  late  August  or 
early  September.  Only  after  that  time  do  they  graze  very  much  in  timber 
and  brushy  types  on  the  adjoining  mountain  slopes.   This  tendency  of  cattle 
to  graze  on  certain  areas  is  influenced  by  many  factors  including  differ- 
ences in  tree  and  brush  cover,  forage,  and  topography,  and  the  location 
and  adequacy  of  livestock  watering  places  and  fences  for  controlling  the 
distribution  of  the  animals.   The  result  is  uneven  grazing  of  the  range. 


MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN    COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA  . 


Concentration  of  cattle  on  meadows  year  after  year  is  decreasing 
forage  production  and  contributing  to  losses  in  soil  fertility  through 
erosion.   It  is  estimated  that  on  the  average  the  grazing  capacity  of  many 
unfenced  meadows  in  northeastern  California  is  one-half  or  less  of  former 
capacity.   In  contrast  many  timber- type  ranges  are  not  fully  utilized. 
Maximum  grazing  values  are  not  derived  from  these  timber  types  because 
the  forage  is  grazed  mainly  after  it  is  mature  and  dry,  when  nutritional 
values  are  low.  Because  of  the  uneven  distribution  of  cattle  on  the 
range,  therefore,  valuable  meadow  and  sagebrush  grazing  lands  are  gradu- 
ally being  destroyed  and  much  forage  on  timber- type  ranges  is  being  wasted. 

Study  of  this  problem  of  mountain-  range  management  was  begun  in 
1936  at  the  Burgess  Spring  Experimental  Range  (a  branch  of  this  Station) 
on  the  Lassen  National  Forest^/  This  project  is  yielding  information  on 
the  character,  condition,  grazing  capacity,  and  value  of  pine- timber, 
sagebrush,  and  meadow  types.   This  information  is  needed  to  provide  a 
basis  for  determining  how  these  types  can  be  used  most  profitably  for 
cattle  grazing,  with  due  consideration  to  timber  growing,  game  and  other 
wildlife  production,  recreation,  and  other  important  uses  of  these  moun- 
tain lands.   Initial  studies  during  1956,  1937,  and  1938  showed  that 
cut- over  pine- timber  range  has  high  grazing  value.  During  these  three 
seasons  mixed  groups  of  beef  cattle  --■  yearling  steers  and  heifers  and 
dry  cows  3  years  old  and  older  — •  grazed  in  a  pasture  containing  only  cut- 
over  pine-  timber  range  gained  an  average  of  1^  to  2   pounds  per  day  per 
head  during  a  100- day  grazing  season  from  June  to  September. 

During  the  1944  season,  the  first  data  on  the  comparative  value  of 
timber  and  meadow  types  were  obtained.   These  initial  findings  are  reported 
here. 


1/  Personnel  of  the  Lassen  National  Forest,  particularly  P.  D.  Hook  and 
P.  B.  Lord,  and  F.  P.  Cronemiller  and  associates  of  the  Division  of  Range 
Management  of  the  Regional  Office  of  the  Forest  Service  in  San  Francisco, 
participated  in  the  planning  and  conduct  of  this  experiment.   During  1936, 
1937,  and  1938  the  Cone  Ranch  Company,  Red  Bluff,  managed  by  Roy  Owens, 
furnished  the  experimental  cattle.   In  1944  the  cattle  were  provided  by 
J.  I,  and  J.  P.  McClelland  of  Standish.   T.  S.  Brown,  farm  adviser  of 
Lassen  County,  and  V.  M.  Shepard,  animal  husbandry  specialist  of  the  Ex- 
tension Service,  are  giving  attention  to  the  animal  husbandry  phases  of 
the  experiment,  involving  grading  to  insure  uniformity  of  experimental 
herds  and  selection  for  breeding  and  herd  improvement. 
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Fig.  1.   Experimental  cattle  in  timber- type  pasture. 


Fig.  2.   Experimental  cattle  in  mountain  meadow  pasture, 


THE  PASTURES 

Ponderosa  and  Jeffrey  pine  (Pirms  ponderosa  and  P.  jeffreyi) 
and  a  few  small  clumps  of  white  fir  (Abies  concolor)  makp  up  the 
tree  cover  in  the  timber  pasture,  which  lies  at  a  mean  altitude  of 
about  6,000  feet.   In  1934,  85  percent  of  the  timber  stand  of  about 
15,000  board  feet  per  acre  was  removed  in  logging.   The  stand  con^ 
sisted  primarily  of  mature  and  overmature  trees  and  grew  on  medium 
to  low  timber- producing  land. 

In  the  timber  pasture  the  eight  most  important  forage 
species  are  Idaho  fescue  (Festuca  idahoensis) ,  spur  lupine  (Lupinus 
calcaratus) ,  bitterbrush  (Purshia  tridentata) ,  squirreltail  (Sitanion 
hystrix) ,  cheatgrass  (Bromus  tectqrum) ,  sedge  (Carex  rossi) ,  needle- 
grass  (StijDa  spp.)  and  woolly  mule  ears  (Wyethia  mollis)  .   These 
with  more  than  100  other  herbaceous  and  shrubby  species  form  a 
ground  cover  of  about  0.34  density.   Big  sagebrush  (Artemisia 
tridentata)  is  a  conspicuous  element  of  the  understory  vegetation 
and  makes  up  about  10  percent  of  the  ground  cover,  but  it  is  not 
grazed  by  cattle.   Forage  species  cover  about  0.24  of  the  ground. 

The  meadow  pasture  supports  a  mixture  of  plants  averaging 
about  0,4  density.   This  relatively  low  density  for  meadow  vegeta- 
tion :i  s  the  result  of  past  deterioration  of  the  plant  cover.   On 
areas  that  remain  moist  throughout  most  of  the  season,  sedges  and 
rushes  (Juncus  spp.),  tufted  hairgrass  (Descliampsia  _caespitqsa)  , 
water  groundsel  (S^enecio  hydrqphilus)  ,  cinquefoil  (Pqtentilla 
£racilis) ,  and  other  less  abundant  forage  species  form  a  solid 
ground  cover.   On  better  drained  soils  bordering  these  wet  spots 
the  important  forage  species  are  Nevada  bluegrass  (Pqa  nevadensis) , 
mat  muhly  (MuhlenbergJ^a  squarrosa)  ,  California  hairy  oatgrass 
(Panthonia  calif ornica)  and  a  rush  (Juncus  balticus) .   In  the 
drier  portions  of  the  meadow,  interspersed  in  open  stands  of  low 
sagebrush  (Artemisia  a.rbuscula)  and  silver  sagebrush  (A.  cana)  , 
the  most  important  forage  species  are  squirreltail,  junegrass 
(Koeleria  c^ristata)  ,  Sandbergs  bluegrass  (Pqa  secunda)  ,  shorthair 
sedge  (Carex  exserta) ,  and  Idaho  fescue.   In  the  meadow  low  sage 
brush,  buttercup  (Ranunculus  alismaefolius) ,  and  biscuitroot  (Cqgs- 
wellia  spp.)  are  conspicuous  and  fairly  abundant  but  of  little 
value  as  forage. 


THE  EXPERIMENT 

One  group  of  10  yearling  Hereford  heifers  grading  "medium" 
to  "good"  was  grazed  season- long  in  a  555- acre  cut- over  pine  timber 
pasture.   Another  similar  group  of  cattle  was  grazed  in  an  adjoin- 
ing 128- acre  mountain  meadow  for  the  same  period.  Grazing  was 
started  on  June  2  and  stopped  on  October  31.   Care  was  exercised 
-"n  stocking  both  pastures  to  insure  an  adequate  supply  of  forage 
for  the  cattle.   Thus  the  weight  gains  of  the  animals  reflect  the 
nutritive  qualities  of  the  forage. 

Corrals  and  livestock  scales  are  centrally  located  between 
the  two  pastures  and  stock  water  is  available  in  each.  The  cattle 
were  weighed  individually  to  the  nearest  2  pounds  on  a  shrunk 
weight  basis  every  2  weeks  throughout  the  season.   The  cattle  were 
held  in  the  corrals  without  food  or  water  overnight,  for  15  hours, 
before  each  weighing.  P^easurements  of  plant  growth  and  develop 
ment  were  made  at  2  week  intervals  to  correlate  forage  value  with 
cattle  weights. 

RESULTS 

The  cattle  grazed  in  the  timber  type  gained  about  the  same 
weight  as  the  cattle  grazed  in  the  meadow  and  maintained  weight 
longer  in  the  fall  (fig.  3,  p.  6,  and  table  1,  p.  7) .  The  aver- 
age maximum  gain  of  the  timber  cattle  was  214  pounds  per  head  and 
of  the  meadow  cattle  213  pounds  per  head.   The  1-  pound  difference 
is  not  significant.   The  total  gain  per  head  made  by  the  cattle 
in  the  timber  pasture  during  the  entire  season  was  205  pounds, 
and  that  made  by  the  meadow  group  was  only  186  pounds.  Most  of 
this  difference  of  19  pounds  is  the  result  of  a  27  pound  loss  in 
weight  of  the  cattle  in  the  meadow  during  October,  when  those  in 
the  timber  lost  only  9  pounds.   The  meadow  herd,  however,  began 
to  gain  weight  about  5  or  6  days  earlier  and  reached  maximum 
weight  17  days  earlier  than  the  timber  herd. 
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jum 


JULY 


AUGUST    SEPTEiPER    OCTOBER 


Fig.  3.-  Trend  in  average  \ -eight  per  cow  in  each  herd  throughout 
the  1944  grazing  ssasoa- 


Table  1.-  Cattle  weights  at  2-week  intervals  in  1944  grazing 
season  (151  days)  . 


Animal 

No. 


:     :    :    :    ;  Weight  gaim 

Sept. : Sept.  :0c t.: Oct.  :0c t.:Maxi-: Total  f' 

8  :  22  :  6  :  20  :  51  :mumi/: seasor 


Pounds 


Animals  grazed  in  timber  pasture 


1 

6 

7 

8 

1] 

12 

14 

17 

23 


488  488  491  506  547  596  631  659 

397  397  408  433  466  500  529  557 

398  404  416  441  482  525  554  576 
561  552  553  574  612  652  680  703 
360  364  383  412  442  472  498  524 
535  539  557  595  659  682  721  754 
426  440  463  493  528  565  594  618 
380  389  406  434  477  513  540  559 
470  476  489  511  548  592  625  654 


678  692  698  697 

576  587  589  579 

594  607  610  601 

721  734  734  712 

542  555  554  544 

782  802  807  796 

636  648  655  657 

573  582  585  584 

676  689  695  687 


211  209 

193  182 

213  205 

175  151 

195  184 

273  261 

231  251 

205  204 

225  217 


30    419 

432 

454 

483 

512 

540 

566 

590 

611 

628 

655 

650 

216 

211 

Average  443 

448 

462 

488 

525 

564 

594 

619 

659 

652 

656 

649 

214 

205 

Animals  grazed  in  meadow  pasture 


2  415  415  451  470  514  548  575  603 

4  424  425  444  475  509  559  569  595 

10  428  450  451  482  514  541  564  585 

15  515  516  545  594  659  675  705  751 

16  5S5  540  567  607  647  670  695  755 

19  444  443  461  499  540  577  610  640 

20  586  401  424  459  495  524  551  575 
22  576  373  594  428  464  495  524  545 
29  467  466  491  529  568  603  654  660 


625  656  626  610 

612  615  605  588 

600  608  605  572 

750  761  760  744 

760  764  756  745 

665  670  658  659 

594  605  594  570 

557  561  556  541 

681  689  677  654 


225  197 
192  164 
180  144 
247  229 
229  208 

226  195 
217  184 
185  165 
222  187 


Average  445  445  468   505   543  575   603  650   649-  656   648  629   215 


186 


1/  Gain  from  first  weighing  to  greatest  weight. 
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^ri  '  oth  pastures  most  rapid  gains  were  made  when  the  forage  was 
green,  the  maximum  gain  of  2.7  pounds  per  head  per  day  in  a  2-  week  period 
occurring  in  late  July  during  the  flowering  period  of  the  most  important 
forage  species.   In  table  2  the  average  daily  gain  per  head  is  shown 
separately  for  each  2  week  period  between  weighings.  Most  of  the  weight 
gains  in  both  types  were  made  from  the  time  flower  stalks  began  to  show 
on  the  principal  forage  species  until  the  forage  was  about  80  percent  dry. 

Table  2.   Average  daily  weight  gain  per  head  during  2  v/eek 
£® r.iods ,  1944  grazing  season 


: June : June : June : July : July ; Aug , 

:Aug.: Sept.: Sept.: Oct.: 

Oct. 

:  2   :  16  :  30  :  14  :  28  :  11 

:  25  :   8   :  22   :  6   : 

20 

:  Weight  gain 

Hej-d  :  to  :  to  :  to  :  to  :  to  :  to 

:  to  :  to   :  to   :  to  : 

to 

:      :  Total 

V  June: June: July r July: Aug. :Aug. 

:Sept.:Sept.:  Oct.:Oct.: 

Oct. 

:Maxi   :   for 
:mum-^/  :  season 

:  16  :  30  :  14  :  28  :  11  :  25 

:   8  :  22   :   6   :  20  : 

31 

Pounds 


Timber  0..3 

1.0 

1.9 

2.6 

2.7 

2.2 

1.8 

1,4 

1.0 

0.3 

0.7 

1,6 

1.4 

Meadow  0.,2 

1.6 

2.7 

2.7 

2.3 

2.0 

1.9 

1.4 

0.5 

■  0.6 

-  1.7 

1,7 

1.2 

l/  Gain  from  first  weighing  to  greatest  weight. 


IMPLICATIONS  OF  RESULTS 

These  first- year  results  have  immediate  value  in  practical  management, 
Perhaps  the  major  finding  was  the  fact  that  cattle  gained  as  much  weight 
in  the  timber  as  in  the  meadows.  Meadow  forage  produced  earlier  gains,  but 
timber-  type  forage  sustained  weights  later  in  the  fall.   Since  the  latter 
advantage  is  due  in  large  measure  to  the  presence  of  browse,  particularly 
bitterbrush,  reseeding  of  browse  on  suitable  sites  would  strengthen  the 
nutritive  qualities  of  autumn  forage  in  this  region. 


To  obtain  maximum  production  from  the  range,  both  types  should  be 
grazed  throughout  most  of  the  season.   Grazing  should  be  started  after 
flower  stalks  begin  to  shov/,  because  cattle  begin  to  gain  weight  appre- 
ciably then.   The  cattle  should  be  removed  from  the  range  when  they  begin 
to  lose  weight  -   or  earlier  if  the  operator's  flexibility  of  management 
permits.   The  indications  are  that  more  beef  could  be  produced  on  the 
range  if  the  cattle  in  the  meadow  were  moved  into  the  timber  type  during 
the  last  month  of  the  grazing  season. 


The  period  of  weight  gain  is  related  to  forage  growth  and 
not  to  calendar  dates.   For  example  in  1944  —  a  very  late  growing 
season  -   weight  gains  of  cattle  in  the  timber  type  were  made  be- 
tween about  June  15  and  October  18  and  in  the  meadow  type  between 
June  15  and  October  5.  Records  obtained  in  the  timber  type  show 
that  corresponding  gains  in  previous  years  were  made  3  or  4  weeks 
earlier,  in  the  average  year  from  late  May  to  September  15. 

The  timber  pasture  at  Burgess  Spring  represents  some  of  the 
best  timber- type  range  in  northeastern  California.   The  meadow 
pasture  is  about  average  for  the  area.   From  past  and  present 
i-ecorcls  it  is  estimated  that  8  acres  of  the  timber- pasture  will 
provide  forage  for  one  cow  for  1  month.   In  comparison  only  2  acres 
of  the  meadow  pastures  are  required.  Roughly,  therefore,  4  acres 
of  timber- type  range  are  needed  to  balance  1  acre  of  meadow.   This 
ratio  would  probably  increase  to  about  8  to  1  if  the  meadow  were 
rehabilitated  to  potential  capacity. 

In  most  cases  the  timber  type  in  this  locality  is  producing 
about  as  much  forage  as  the  site  will  grow.   Increased  benefits, 
therefore,  from  the  timber  type  as  the  result  of  improved  manage- 
ment will  be  derived  chiefly  from  greater  and  more  timely  use.   In 
contrast  the  indications  are  that  the  quantity  and  quality  of  the 
forage  in  the  meadow  can  be  improved  materially  through  management 
and  artificial  reseeding. 

The  differences  in  weight  gains  of  different  animals  sug- 
gest the  possibility  of  increasing  production  from  this  entire 
range  area  by  better  breeding  and  culling  of  the  herd. 

These  results  show  that  efficient  use  of  this  kind  of  moun- 
tain range  depends  upon  close  control  over  the  movements  and  dis- 
tribution of  cattle.   The  findings  again  emphasize  the  importance 
of  fencing  range,  developing  additional  sources  of  water,  and 
paying  close  attention  to  salting,  riding,  and  other  practices 
which  will  bring  about  more  uniform  grazing  of  the  range.   The 
results  further  reveal  the  advantages  of  more  timely  grazing  of 
each  broad  range  type  when  its  forage  is  most  nutritious.  Partic 
ularly  significant  are  the  beef- producing  properties  of  timber 
forage  in  comparison  with  meadow  forage.   To  obtain  more  complete 
information  on  the  practical  points  involved,  it  is  planned  to 
continue  the  study  for  2  or  3  more  years. 
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PRO DUG TION_ OF  LUMBER,  LATH,  AND , SHINGLES  IN  CALIFORNIA  AND  NEVADA,  1944 
(Preliminary  data,  subject  to  revision) 


In  cooperation  with  the  Bureau  of  the  Gensus  of  the  U.  S.  Department  of 
Gommerce,  preliminary  statistics  of  lumber  production  in  Galifornia  and 
Nevada  are  presented  herewith.   These  data  should  be  essentially  correct, 
since  they  are  based  on  preliminary  tabulations  of  complete  returns. 
Final  statistics  will,  however,  be  issued  by  the  Bureau  of  the  Census  in 
the  usual  manner. 

Lumber  production  in  Galifornia  in  1944  reached  a  new  high,  being  about 
5  percent  more  than  in  the  peak  year  of  1943.   This  is  a  remarkable  in 
dustry  achievement  in  view  of  the  difficulties  of  operation  centering, 
mainly  about  manpower  and  equipment  shortages.   Both  the  pine  and  redwood 
regions  registered  increases  this  year. 

The  production  data  in  tables  1,  2,  and  3  are  based  upon  reports  from 
319  active  mills  in  the  Galifornia  pine  region,  and  109  active  mills  in 
the  redwood  region.   Included  in  these  totals  are  15  active  shingle  mills 
7  in  the  pine  region,  and  8  in  the  redwood  region. 

For  the  entire_ State  and  all  species,  the  production  of  2,468,943  M  feet 
b.m.  (table  1)  is  about  5  percent  more  than  total  State  wide  production 
in  1943.   There  was  practically  no  change  in  the  production  of  redwood. 
The  most  significant  decrease  was  in  the  cut  of  ponderosa  pine  which  fell 
off  about  6  percent.   The  cut  of  Douglas- fir  rose  about  11  percent,  while 
white  fir  production  increased  about  59  percent.   In  the  past  three  years 
the  utilization  of  white  fir  has  nearly  tripled.   There  were  marked  in 
creases  also  in  the  production  of  other  softwoods,  such  as  Sitka  spruce, 
incense  cedar,  and  sugar  pine.   The  output  of  sawed  cross  ties,  nine  feet 
or  less  in  length,  was  30,746  M  feet  b.m.,  or  about  1  percent  of  total 
lumber  production.   Shingle  production  increased  about  40  percent,  but 
lath  production  fell  off  nearly  65  percent.   Lumber  stocks  at  sawmills 
increased  from  480,788  M  feet  b.m.  on  December  31,  1943  to  538,858  M 
feet  b.m.  on  December  31,  1944    58-,070  M  feet  b.m.,  or  about  12  per 
cent.   Active  sawmills  in  the  State  rose  from  365  in  1943  to  413  in  1944. 
It  is  estimated  that  there  were  in  addition  87  sawmills  which  were  idle 
throughout  all  of  1944,  but  most  of  these  were  small  mills  of  low  poten- 
tial output. 


*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN    COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 


In  the  pine  region  lumber  production  in  1944  was  1,821,007  M  feet  b.m. 
(table  2),  or  approximately  5.4  percent  more  than  the  output  in  1943. 
Increased  production  of  white  fir  (+60.9  percent),  sugar  pine  (+16.7 
percent),  Douglas- fir  (+9.7  percent),  and  incense  cedar  (  +  40.7  percent), 
more  than  offset  the  decrease  registered  by  ponderosa  pine  (  6.7  percent). 
The  cut  of  ponderosa  pine  represented  58.2  percent  of  total  regional  pro 
duct  ion,  followed  by  white  fir  representing  15.3  percent.   The  33  mills 
cutting  15  million  feet  or  more  represented  69.3  percent  of  the  total  cut. 
There  were  36  more  active  sawmills  in  the  pine  region  in  1944  than  in  1943, 
due  mainly  to  an  increase  in  the  number  of  small  mills.   There  were  11 
less  idle  sawmills  in  1944  than  in  1943.   The  output  of  sawed  cross  ties, 
nine  feet  or  less  in  length,  was  11,841  M  feet  b.m.,  or  about  0.6  percent 
of  total  lumber  production.   Lumber  stocks  increased  14.3  percent  during 
the  year,  and  although  there  was  a  decrease  in  the  production  of  lath, 
the  output  of  shingles  practically  doubled. 

In  the_redwood  region  lumber  production  of  647,936  M  feet  b.m.  was  about 
3»5  percent  greater  than  the  1943  cut.   Practically  the  same  volume  of 
redwood  was  cut  this  year  as  last  (461  million  feet) .   Most  of  the  over 
all  regional  increase  in  production  was  due  to  an  upswing  in  the  output 
of  Douglas  fir,  which  rose  from  151  million  feet  to  l7l  million  feet,  or 
15.1  percent.  V\fhite  fir  production  increased  from  7,479  M  feet  b.m.  in 
1943  to  9,376  M  feet  b.m.  in  1944.   The  12  mills  cutting  over  10  million 
feet  accounted  for  77.5  percent  of  total  regional  production.   There  were 
101  active  sawm.ills  in  the  region  in  1944  as  contrasted  to  89  in  1943. 
The  output  of  sawed  cross  ties,  nine  feet  or  less  in  length,  was  18,905  M 
feet  b.m.,  or  about  2.9  percent  of  total  lumber  production.   Lumber  stocks 
of  77,214  M  feet  b.m.  at  the  end  of  the  year  varied  only  slightly  from  the 
volume  on  hand  at  the  beginning  of  the  year.   The  output  of  lath  was  54.4 
percent  less  than  in  1943,  but  shingle  production  increased  34.5  percent. 
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A  description  of  the  San  D:"mas  lysimeters  would  be  incomplete 
without  mention  of  the  individuals,  other  than  the  authors,  and  of 
the  organizations  that  took  part  in  developing  this  installation. 

The  major  features  of  the  installation  were  ba^:9d  upon  lysime- 
ters originally  designed  by  W.  C.  Lowdermilk  in  connection  with 
earlier  projects  of  the  Experiment  Station.  Persons  intimately  con- 
cerned with  the  planning  and  construction  were  E.  I.  Kotok,  C.  J. 
Kraebel,  J.  D.  Sinclair,  W.  U.  Garstka,  J.  S.  Cotton,  H.  F.  Jerauld, 
H.  G.  Wilm,  and  P.  B.  Rowe,  all  at  that  time  members  of  the  California 
Forest  and  Range  Experiment  Station  staff.   Invaluable  aid  in  a  con- 
sulting capacity  was  rendered  by  E.  N.  Munns,  Chief  of  the  Division 
of  Forest  Influences  Research  of  the  Forest  bervice;  by  F.  J.  Veihmeyer, 
G.  B  .  Bodman,  and  the  late  C  F.  Shaw,  all  of  the  University  of  Calif- 
ornia,; and  by  the  late  F.  E.  Clements  of  the  Carnegie  Institution  of 
Washington.   L.  F.  Reimann  has  been  responsible  for  many  mechanical 
developments  that  have  facilitated  the  operation  of  the  lysimeters. 
Construction  of  the  whole  installation  was  made  possible  by  the  assist- 
ance of  men  and  materials  provided  by  the  Civilian  Conservation  Corps 
and  the  Work  Projects  Aaministration.  Grateful  acknowledgement  is  made 
at  this  time  for  the  assistance  that  has  been  derived  from  thei.'e  many 
sources. 


PART  I  —  THE  LYSIMtTER  INSTALLATION  AND  RESEARCH  PROGRAM 


The  ban  Dimas  Experimental  Forest  is  a, 17, 000  acre  watershed 
resp'&rch  laboratory  situated  in  the  San  Gabriel  Mountains  of  c^outhern 
California.  (4)-/  Here  the  U.  S,  Forest  Service  is  studying  rainfall, 
soil  water  movement,  streamflow,  ana  erosion,  in  a  research  program 
planned  to  develop  the  principles  and  practices  of  management  for 
chaparral- coverea  watersheds.   The  goal  of  such  management  is  the 
maximum  production  of  usable  water  combined  with  minimum  flooa  and 
erosion  danger.   The  lysimeter  installation  of  the  Experimental  Forest 
was  aesigned  for  the  purpose  of  studying  the  influence  of  certain 
species  of  chaparral  vegetation  upon  the  disposition  of  precipitation 
reaching  the  soil.   It  thus  forms  an  integral  part  of  the  watershed- 
management  research  program  for  which  this  experimental  forest  was 
established. 

Vegetation  must  be  considered  in  any  plan  of  watershea  management 
because  of  its  very  considerable  influence  upon  runoff,  erosion,  and 
evaporative  loss  of  soil  water,  and  because  of  the  possibilities  of 
modifying  this  influence  by  cultural  treatment.   The  role  of  vegetation 
in  watershed  management  may  be  defined  in  terms  of  its  water  economy, 
which  c&r.  be  measured  by  the  influence  vegetation  exerts  upon  infiltra- 
tion and  soil  permeability,  and  by  its  evaporation- transpiration 
characteristics. 

It  is  difficult  to  compare  directly  in  the  field  the  water  economy 
of  various  kinds  of  vegetation  because  of  soil  variability  and  the 
limited  experimental  control  over  important  factors  possible  under  field 
conditions.  Lysimeters  make  possible  a  high  degree  of  experimental  con- 
trol over  soil  and  environment  so  that  vegetation  can  be  isolated  as  the 
only  important  influencing  factor.  Despite  some  shortcomings  which  will 
be  described  presently,  lysimeters  are  the  most  satisfactory  instruments 
now  available  for  comparing  the  water  economy  of  different  kinds  of  plants, 

THii.  PROBLEM  OF  LYSIMETER  DESIGN 

The  type  of  lysimeter  to  be  employed  in  any  stuay  depends  upon  the 
particular  objective  of  that  stuay.   The  advantages  ana  limitations  of 
the  several  typet.    of  lysimeters  have  been  clearly  presented  by  Kohnke  et 
al  (5),  but  a  brief  resume  here  will  inaicate  the  reasons  underlying  the 
choice  of  those  usea  in  the  San  Dimas  study. 


1/  Numbers  in  parentheses  refer  to  Literature  Cited,  page  ii. 


Lysimeterb  may  be  aivided  into  three  types:  the  Russian  or  Eber- 
meyer  lysimeter,  the  "in  place"  or  "core  cutter,"  ana  the  "filled"  type, 
which  is  fillea  with  soil  after  construction. 

Ihe  Ebermeyer  type  consists  merely  of  a  percolate-collecting 
fu.'jne]  I'V.rled  '  r.   r.^.  tural  soil.   It  imposes  no  restrictions  upon  surface 
runoff  or  root  aevelcpment  since  it  has  no  confining  walls.   Capillary 
forces  operating  in  the  soil  surrounaing  the  funnel  cause  some  of  the 
percolating  water  to  pass  around  the  funnel  rather  than  into  it.   Be- 
cause it  does  not  intercept  all  the  water  that  penetrates  to  the  level 
of  the  funnel,  it  is  unsatisfactory  for  the  quantitative  meaDUrement  of 
water  seepage. 

The  "in  >)]acf,"  lysimeter  consists  of  an  impervious  shell  (metal, 
concrete,  or  wood)  placed  arouna  and  under  a  block  of  undisturbea  soil. 
By  this  operation  the  soil  block  is  completely  isolated,  ana  collection 
of  all  surface  runoff  and  seepage  is  assurea.  The  increase  in  experi- 
mental control  thus  accompliDhea  is  accompaniea  by  a  significant  departure 
from  natural  conditions,  for  the  soil/air  interface  across  which  seepage 
water  must  pass  to  leave  the  soil  resulto  in  the  establishment  of  a 
saturated  soil  layer  covering  the  bottom  of  the  lysimeter  during  the 
seepage  perioa.  tjeepage  cannot  take  place  unleso  the  water- absorptive 
power  of  the  soil  immediately  above  the  seepage  plane  has  been  satisfiea. 
This  condition  is  met  only  when  the  soil  there  is  virtually  saturatea 
with  water,  which,  in  turn,  means  that  a  nearly  saturated  conaition  ex- 
ists for  some  aistance  above  this  plane.  The  thickness  of  the  layer  of 
abnormally  wet  soil  increases  with  increasing  finenesb  of  soil  texture. 
The  presence  of  this  "perched  water  table"  is  characteristic  of  enclosed 
lysimeters  as  a  group.  In  some  "in  place"  lysimeters,  such  as  those  at 
Coshocton  (6) ,  the  seepage  plane  is  locatea  at  such  a  depth  that  a 
natural  soil  profile  extenaing  well  into  the  parent  rock  has  been  ei  - 
clewed.  Such  an  enclosed  soil  block  probably  exhibits  more  nearly  natura] 
conditions  than  would  be  the  case  if  soil  rested  airectly  on  the  seepage 
plane. 

"In  place"  lysimeters,  incluaing  as  they  do  an  undisturbed  block 
of  natural  soil,  are  in  many  instances  the  most  aesirable  type.  How- 
ever, when  they  are  installea  in  soils  that  are  not  uniform,  many 
replications  must  be  maae  in  order  to  establish  the  significance  of 
results  obtained  from  them.   The  "in  place"  lysimeter  is  used  to  best 
auvantage  for  stuaies  in  which  the  soil  itself  is  the  variable  unaer 
investigation. 

For  studies  in  which  vegetation  or  treatment  of  the  soil  surface 
are  the  prime  variables,  the  experimental  error  of  the  stuuy  shoula  be 
aecreased  by  minimizing  soil  difference^.   Here  a  fillea  type  lysimeter 
is  indicatea,  ana  within  this  type  there  still  remains  room  for  choice. 
The  lysimeter  shell  can  be  fillea  with  soil  mixed  by  layers  or  with 
;:^oil  homogenized  through  its  entire  depth.   Thio  choice  is  again  ae- 
penaent  upon  the  study  for  which  the  lysimeter  has  been  designea. 


Because  the  San  Dima&  lysimeters  were  installea  to  compare  the 
water-use  and  water  yield  characteristics  of  several  species  of  chapar- 
ral plants,  it  was  necessary  in  this  installation  to  combine  maximum 
control  over  environmental  and  soil  variables  and  minimum  interference 
with  n'itu.val  growing  conditions  for  the  vegetation.   For  this  reason 
all  the  lysimeters  are  of  the  fillea-  type,  employing  homogenized  soil, 
and  £0  ]-Ocated  as  to  be  subjected  to  uniform  environmental  conaitions. 

The  ban  Dimas  lysimeter  installation  (fig.  1)  consists  of  five 
types  of  lysimeters  all  located  within  a  rodent-  and  deer  proof  enclosure 
about  'il   acres  in  area.   Uniformity  of  topography  has  been  emphasized  in 
the  location,  and  all  facilitating  equipment  is  so  placea  as  to  offer 
minimum  interference  to  the  above  ground  environment.   A  climatic  station 
within  the  area  is  equipped  to  measure  all  meteorological  variables  that 
are  suspected  of  having  an  influence  upon  the  study.   The  seA/eral  groups 
of  lysimeters  are  surrounded  by  buffer  areas.   Lysimeters  and  their 
buffer  areas  receive  the  same  treatment  so  that  the  lysimeters,  in  ef 
feet,  are  sampling  areas  of  uniform  treatment.   Ihis  prevents  the  border 
plants  from  affecting  the  measured  lysimeters  themselves. 

THE  LARGE  LYblMETEES 

The  largo  lysimeters  form  the  master  group,  the  others  having 
been  installed  either  to  get  measurements  that  could  not  be  made  in  the 
large  ones  or  to  aid  in  the  application  of  lysimeter  results  to  natural 
field  conaitions.   The  large  lysimeters  (figs.  2   and  c)  are  £6  con- 
tiguous concrete  tanks,  each  10.5  feet  by  20. b  feet  in  horizontal 
aimensions  and  6  feet  aeep.   Each  lysimeter  holuo  approximately  64  tons, 
dry  weight,  of  uniformly  mixed  stock  soil.   All  concrete  surfaces  have 
been  coated  with  a  waterproof  phenolic  redn  paint  to  minimize  reaction 
betv'.'iren  the  concrete  and  the  plant  roots  or  soil.   Each  lysimeter  has  a 
surface  and  bottom  slope  of  5  percent  on  its  long  axis,  enough  to  insure 
adequate  surface  drainage  without  introducing  slope  aa   a  factor  in  the 
study.   NetaJ.  troughs  cover  the  walls  between  adjacent  lysimeters. 
Theoe  troughs  can  be  used  to  measure  the  rain  falling  through  the  vege- 
tation crowns,  that  is:  rain  less  interception  ana  stemflow.   ourface 
runoff  is  collectea  in  a  trough  extenaing  across  the  lower  ena  of  the 
soil  surface,  while  seepage  arains  from  the  soil  through  a  perforated 
plate  that  lies  across  the  lower  edge  of  the  soil  block.   P.ain,  runoff, 
anci  sefp?5ge  are  measured  separately  for  each  lysimeter  in  collector 
tanks  located  in  a  tunnel  aajacent  to  the  lysimeter  line.   Vr-itei-  otage 
trans5titters  (1)  mounted  on  the  collector  tanks  in  the  tunnels  are  con 
nected  to  £trip-ch.?.rt  recoraers  W'hich  record  the  rates  of  rain,  i-unoff. 
and  seepage.   This  automatic  recoraing  is  im.portant.  for  rate  measure 
ments  are  more  valuable  than  measurements  of  vclume  ir;  any  study  jrvc}-- 
ing  soi : -  m: :' sture  rii'vemen t . 
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Figure  2. —The  large  lysimeters  before  filling.  Rain  and  runoff 
pipes  are  shown  leadin^^  into  roof  of  collector  tminel. 
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CONCRETE     WALLS    AND   FLOORS 
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Figure  3.— Dia^rajn  of  a  single  large  lysimeter.      Siirface 
area  5  rnilacres   (li>\  by  21   feet). 


THE  MEDIUM  AND  SMALI  LYSIMETEFS 

The  large  ly  sij.ieiers  pi-ovide  absolute  conlrcj  of  burfacp  runoff, 
tooepf-gc,  ana  root  uiotrjbution,  on  a  ucale  large  enough  to  permit  a 
cIods  approximation  of  natural  plant -growth  conuitionc.   They  were  net 
ue^ignee,  hcwevei',  for  the  direct  nieseurement  of  evaporation  and  trans- 
piration.  Fci-  thj  b  pui-j.:oee  two   types  of  cylinorical,  galvanized-iron 
lyeJiTietere  were  inotallea.   Of  these  the  meuiujii  Jyeijuetei'S ,  holLiing  an 
averagf  cf  IfC..  pounoo  of  soil  (fig.  4),  have  a  ,:.urface  area  of  750 
square  inches  ana  are  40  inches  aeep.   They  arc  large  enough  to  support 
L^inall  t;]"cupL  of  pl-jnt>D.   The  small  lybimetei-o  (fig.  5)  riclu  an  average 
of  l<0  pcunus  of  soil,  are  siSO  square  inches  in  area  and  1:4  inches,  aeep. 
They  were  intendea  for  irieasurement  of  the  water  use  cf  single  plants 
growu  under  artifically  controllea  soil  moisture  conditions.   Ly^i^ifneters 
of  boxL  types  rest  on  peaestals  placea  in  the  bottom  of  concrete-linea 
tre.iches  t-o  that  the  ooil  surface^  cf  the  ly^imetert.  are  exposea  at 
grouxio.  level .   The  spaces  between  the  lysimeters  are  covered  with  wooden 
collaic,  leaving  only  the  soil  aurfece^  exposea  to  the  atmosphere. 

The  iTiedium  lysimeters  are  equipped  for  the  measurement  of  runoff 
ana  s-epsge,  but  the  t^m.all  lysimeters  are  not.   ferioaic  veighing  of 
bci  h  meciurr  ana  small  lysimetert^  io  accompliwhea  by  use  of  a  crane  scale 
hung  fromi  a  wheeled  aerrick.   Evaporation  ana  transpiration  losses  of 
boil  W'. t-j-  (an  b;.  '-elculated  from  repeated  weighings. 

Thirty  meaium  ana  seventy- two  small  lysimeters  have  be^'-n  con 
st:"-iM  t  ;t  ,  bc  tl-it  ample  replications  can  be  made  of  plant  species  grow- 
ing in  the  large  lyoimetsrs. 

IHE  UNCONFINED  LYblMETEFS 

Ad  a  result  of  the  artifical  environment  imposed  upon  plants 
confinea  in  lyc-imetert^,  some  transition  is  neeaea  between  enclosed 
blocks  of  soil  ana  natural  soil  conaitions  in  the  field.   This  requires 
the  (.„-•;■  -rmitiation  of  a  relation  between  the  water  economy  of  plants 
growing  in  con.finea  blocks  of  uniform  soil  ana  that  of  the  t^ame  plants 
growing  in  the  ^ame  kina  of  soil  with  Uie  confining  walls  removec.   lo 
accompli  oh  this  five  pit^,  each  17^  feet  square  anc.  7  feet  aeep,  were 
ai;g  just  south  of  the  large  lysim.eter  line.   All  pito  were  refillea  with 
stock  ly.-.in!eter  doII.   On  the  ourface  of  each  refillea  pit  wao  laia  out 
a  sheet- metal- boraerea  plot  from  which  surface  runoff  can  be  collectea 
antj  n;easured,   Eacn  plot  is  7.5  feet  wide  and  l4.6  feet  long,   liie  upper 
ana  latei-al  eugeo  of  the  plot  ai-e  formea  of  half-buriea  strips  of  12  - 
inch  wiue  galvanizea  iron.   A  galvanizea  iron  trough  laia  aci'oss  the 
Icwei  ena  interceptc  curface  runoff,  which  is  then  conauctea  to  a  col- 
lector tank,   kater-  stage  transmitters  proviae  mea^urementD  of  I'unoff 
rate;. . 

Each  block  of  soil  thus  equipped  is  called  an  unconfined  lysimeter 
(fig.  7).   Ihe  soil  from  which  measurements  are  taken  is  surrounaeo  on 
siaes  and  bottom  by  the  same  kina  of  soil .   The  aepth  of  the  unconfinea 
Ivoirie-.-i  .■.c'V'    it  contiar.-rea  to  be  6  feet,  so  that  a  1-  foot  thick  soil 
layer  lies  beneath  it. 
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Figure  J* — Surface  of  an  "uiiconf ined  lysimeter"  showing  runoff 
plot  placed  within  "border  striji  of  filled  soil. 


No  direct  mea&iirem.ent  of  fceepage  through  the  "bottom"  of  this 
type  of  lysimeter  can  be  maae  but  there  are  instruments,  by  which  the 
amoin't  and  rate  of  seepage  can  be  calculatea.  Richards,  Russell,  and 
Neiil  (5)  have  aemonstiated  the  usefulness;  of  tensiometers  for  indicating 
the  direction  of  water  movement  in  the  soil.   One  unconfinea  lysimeter 
hy&  been  equipped  with  tenaiometers  which  are  serving  satisfactorily  as 
seepage  detectors.   Perioaic  soil  moisture  sampling,  couplea  with  tensi- 
ometer  measurements  that  show  the  direction  of  soil  water  movement,  can 
be  usnd  to  calculate  the  amount  of  seepage  through  the  unconfinea  soil 
blocks. 


The  lack  of  a  soil/air  seepage  interface  in  the  unconfined 
lysimeter  eliminates  the  abnormal  moisture  conaitions  found  in  the 
deep^i'  levels  of  confined  lysimeters,  and  thus  provides  more  nearly 
natural  growing  conditions  for  the  vegetation  being  stuaied.   At  the 
same  time,  however,  the  substitution  of  calculatea  for  measurea  seepage 
and  the  impossibility  of  confining  roots  to  the  controlled  soil  block 
will  aetract  somewhat  from  accurate  measurement  of  vegetation  water 
economy  in  the^e  lysimeters. 


THE  ROOT-STUDY  LYSIMETERS 

The  root  distribution  of  plants  grown  in  enclosed  soil  blocks  is 
to  be  studied  in  five  specially  designed  lysimeters.   These  root-study 
lysimeters  are  concrete  boxes,  similar  m  shape  and  slope  to  the  large 
lysiraetei'S  (fig.  6).   Their  soil  depth  is  6  feet,  identical  with  that  in 
the  large  lysimeters,  but  in  horizontal  dimensions  they  are  only  4  by  6 
feet.   Their  lower  end  walls  are  made  of  redwood  planks,  fitted  so  that 
they  can  be  removed  for  observation  of  soil  and  roots.   These  lysimeters 
are  not  equipped  for  measurement  of  runoff  or  seepage,  but  as  will  be 
noted  in  the  photograph,  seepage  water  is  caused  to  drain  from  the  soil 
blocks  through  a  perforated  plate  similar  to  that  used  m  the  large 
lysimeter.   For  this  reason  soil  moisture  conditions  m  them,  should  be 
like  those  in  the  large  lysimeters.   The  measurements  planned  for  these 
lysimeters  are  related  only  to  plant  growth.   After  plants  have  grown 
in  them  for  a  sufficient  length  of  time  the  redwood  walls  will  be  removed 
and  the  soil  washed  out,  exposing  the  plant  roots  for  detailed  study  of 
their  distribution. 

THE  LYSIMETER  SOIL 

All  lysimeters  of  the  San  Dimas  installation  have  been  filled 
with  the  samie  kind  of  soil:  a  reddish  sandy  clay  loam  developed  residu- 
ally  at  the  lysimeter  site  from  dioritic  rock  of  the  San  Gabriel  j'orma- 
ticn.   This  soil  is  probably  rather  closely  related  to  the  Fallbrook 
soil  series.   It  is  similar  to  soils  found  elsewhere  within  the  San 
Dimas  FoD'est  on  relatively  flat  areas  which  have  been  little  dissected 
in  the  present  erosion  cycle.   At  the  lysimeter  site  it  is  present  m 
depths  exceeding  six  feet. 

Prior  to  excaA/-ation  the  lysimeter  soil  showed  only  a  week  tendency 
towani  profile  development.   Its  clay  content  increased  slightly  to  a 
depth  of  about  12  inches  and  then  decreased  progressively  with  greater 
depth c   This  was  reflected  in  its  moisture  equivalent,  which  increased 
from  18,5  percent  in  the  top  3  inches  to  19,1  percent  at  one  foot  depth, 
and  then  dropped  to  15,1  percent  at  five  feet.   Apparent  soil  density 
increased  som-ewhat  with  depth,  but  the  only  significant  difference  was 
between  the  surface  foot  (1,4  gm./cc.)  and  the  average  of  the  next  four 
(1.6  gm./c  c  , ) 

Soil  used  to  fill  the  lysimeters  was  excavated  from  the  site  of 
the  large  lysimeters  and  the  tunnel.   Some  2800  cubic  yards  taken  from 
the  top  six  feet  of  this  excavation  was  mixed  as  thoroughly  as  possible, 
passed  air-dry  through  a  3/4-inch  screen,  and  then  stored  m  a  bin  pre- 
pared for  this  purpose.   As  the  soil  was  placed  for  storage,  every  effort 
was  made  to  remove  all  traces  of  textural  variation.   The  success  of  the 
mixing  was  tested  by  determining  the  mechanical  analysis  of  100  soil 
samples  taken  at  random  from  all  parts  of  the  storage  bin.   According  to 
this  analysis  the  soil  contained,  on  the  average,  CO  percent  sand. 


25  percerit  silt,  and  15  percent  clay.   Statistical  analysis  showed  that 
no  significant  textural  differences  existed  anywhere  in  the  storage  bin. 
The  irioistuie  equivalent  of  the  mixed  soil  was  found  to  be  19  percent, 
and  the  wilting  point,  7  percent.   Later  field  tests  showed  that  its  field 
capacity  was  about  18  percent. 

Preliminary  experiments  in  placing  and  settling  the  soil  were 
made  in  walled-  off  portions  of  several  large  lysimeters  in  order  to  de- 
veio:o  a  soil- placement  method  that  would  insure  the  greatest  uniformity 
in  density  as  well  as  maintain  the  other  already  uniform  characteristics 
of  the  soil.   Several  methods  of  placing  and  tamping  were  tried,  and 
analysf  ?  were  made  of  the  distribution  of  apparent  soil  density  through- 
out the  resulting  soil  blocks.   The  method  selected  showed  a  standard 
deviation  of  only  ^  .03  of  1  percent  of  the  average  apparent  density 
throughout  any  one  soil  block  and  no  significant  relation  of  apparent 
density  to  depth.   This  method  consisted  of  filling  the  lysimeters  by 
3- inch- thick  soil  layers.   After  sufficient  soil  was  dumped  into  each 
lysimeter  to  consitute  a  layer,  the  soil  was  spread  evenly,  and  then 
its  entire  surface  was  chopped  through  with  a  flat-bladed  spade.   The 
chopping  jarred  the  soil  into  close  aggregation  without  introducing  the 
compression  zones  that  usually  result  from  the  use  of  blunt  tamping  tools. 

The  success  of  the  soil-placement  method  is  shown  by  the  results 
of  filling  the  large  lysimeters.   All  soil  going  into  the  lysimeters 
was  weighed  and  sampled  for  moisture  so  that  the  dry  weight  of  each 
lysimet-r  soil  block  could  be  calculated.   At  the  time  they  were  filled, 
the  average  dry  weight  of  soil  in  the  26  large  lysimeters  was  137,379 
pounc'fi.  the  standard  deviation  was  only  one-half  of  one  percent  of  this 
weight,  and  the  extreme  range  in  weight  was  less  than  2  percent.   This 
placed  the  mean  apparent  density  of  soil  in  the  large  lysimeters  at  1.44 
gm/cc.  at  the  time  of  filling. 

The  soil  in  the  pits  v;hich  hold  the  unconfined  lysimeters,  like 
wise,  was  satisfy ingly  uniform-  Although  each  of  these  pits  contains 
nes-Tij   twice  as  much  soil  as  a  large  lysimeter,  their  average  apparent 
density  was  1.45  gm/cc.  at  the  time  of  filling;  the  range  of  density 
through  the  5  soil  blocks  was  less  than  2  percent.   The  soil  in  the  pits 
of  the  unconfined  lysimeters  is  therefore  considered  to  be  the  same,  in 
all  respects,  as  that  in  the  large  lysimeters. 

The  large  and  unconfined  lysimeters  were  over- filled  12  inches  in 
ordej-  to  allow  for  soil  settling  during  the  first  few  years  of  exposure 
to  the  elements.-   Annual  surveys  of  the  soil  surfaces  showed  that  70 
percent  of  the  total  settling  took  place  during  the  first  year  of  ex- 
posure; that  is,  as  a  result  of  the  first  wetting  and  drying  of  the  soil 
blocks.  By  1940,  three  years  after  their  first  exposure,  settling  had 
decreased  to  a  negligible  amount.   The  average  settling  up  to  this  time 
h::3d  totaled  about  6  inches.   In  the  fall  of  1940,  therefore,  the  remain- 
ing overfill  soil  was  removed  and  the  final  lysimeter  depth  of  6  feet 
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was  established.   At  this  time  the  average  dry  weight  of  soil  in  the 
large  lysimeters  was  found  to  be  127,191  pounds,  and  that  of  the  pits  of 
the  unconfined  lysimeters,  206,012  pounds.   This  established  their  aver- 
age apparent  densities  at  1.57  and  1.55  gm/cc,  respectively ,   Soil 
settling  had  brought  about  an  .increase  in  apparent  soil  density  of  8,3 
percent  over  tlie  three-year  period.  ^  : 

The  medium  and  small  lysimeters  were  filled  with  soil  to  the  level 
of  their  runoff  lips,  using  the  procedure  described  aboA/e.   In  1940 
enough  fresh  soil  was  added  to  compensate  for  settling  and  to  bring  their 
soil  surfac^',-'  once  more  to  this  level.   The  root-study  lysimeters  were 
filled  in  the  same  manner  as  the  large  ones..   Their  soil  depths  were  also 
adjusted  to  6  feet  in  1940- 


EVAPORATION  AND  TRANSPIRATION  MEASUREMENTS 

The  measu.rem.ent  of  runoff  and  seepage  leaves  one  phase  of  the 
water  cycle  measured  only  indirectly  m  the  large  and  "unconfined" 
lysimeters.   This  is  the  evaporation- transpiration  v^rater  losses  which 
were  to  be  determined  by  repeated  weighings  of  the  medium  and  small 
lysimeters,  as  has  already  been  explained.   Early  in  the  lysimeter 
study  it  appeared  desirable  to  study  methods  of  making  these  measure- 
ments directly  m  the  large  and  "unconfined"  lysimeters  instead  of 
assuming  some  relationship  to  exist  between  the  stationary  and  the 
weigheii  types.   Accordingly,  periodic  soil-moisture  sampling  was  carried 
on  for  several  years  in  two  of  the  large  and  in  one  of  the  "unconfined" 
lysimeters.   Despite  the  desirability  of  sampling  more  lysimeters? the 
large  amount  of  work  required  and  the  possibility  that  sampling  might 
alter  lysimeter  characteristics  has  prevented  further  expansion „   The 
need  for  some  "in  situ"  soil-moisture  indicator  stimulated  research  into 
the  development  of  an  electrical  soil -moisture  meter.   An  instrument  has 
been  developed  on  the  Experimental  Forest  which  may  provide  a  solution 
to  this  problem  (2)  >   Soil  and  measTiar-ing  units  of  this  instrument  were 
manufactured  m  1947,  and  a  test  installation  in  the  lysimeters  is 
planned  for  1948. 

THE  LYSIMETER  RESEARCH  PROGRAM 

The  research  plan  for  the  lysimeters  includes  three  periods  of 
study.   During  the  first  period,  1937-40,  the  soil  surfaces  were  main- 
tained free  of  vegetation  and  protected  from  erosion  by  a  mulch  of 
excelsior.  Measurements  of  rain,  runoff,  and  seepage  were  made,  so  that 
inconsistencies  in  reaction  between  the  several  lysimeters  of  each  type 
could  be  discerned.   The  principal  purpose  of  this  preliminary  period, 
however,  was  to  permit  the  completion  of  soil  settling. 
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After  the  removal  of  surplus  soil  from  the  lysimeters  in  1940,  an 
annual  grass  ( Br omus  JB^lli?)  was  planted  to  start  the  second  research 
period.   The  use  of  this  species,  which  has  considerable  importance  in 
the  range  lands  of  central  California,  was  to  have  a  twofold  purpose; 
(1)  it  would  provide  an  opportunity  to  detect  consistent  or  erratic 
differences  between  lysimeters  under  a  vegetation  made  as  uniform  as 
possible,  and  (2)  information  would  be  obtained  relative  to  the  life 
cycle  of  the  grass  and  its  water  economy.   After  the  first  seeding,  the 
gi-ass  was  allowed  to  seed  itself  naturally  both  mside  the  lysimeters 
and  in  the  border  strip.s  around  them. 

During  the  grass-  cover  period  one  of  the  large  lysimeters  and 
four  each  of  the  medium  and  small  tanks  were  maintained  bare  of  all 
vegetation.   This  made  possible  a  comparison  of  the  water  regime  under 
bare  and  under  grass- covered  surfaces.   There  was  a  highly  significant 
difference  in  erosion  between  the  two  treatments  on  the  large  lysimeters. 
The  bare  soil  developed  an  erosion  pavement  and  suffered  a  considerable 
loss  of  fine  material,  while  the  dense  grass  cover  on  the  planted  lysime- 
ters prevented  erosion  almost  completely.   The  infiltration  rate  of  the 
grass-covered  lysimeters  increased  since  the  first  seeding  by  a  small 
but  significant  amount,  while  that  of  the  bare  large  one  remained  at  the 
very  low  value  which  characterized  all  the  lysimeters  during  the  pre- 
liminary, excelsior- surfaced  period. 

The  firM.I  research  period  started  in  1946,  when  the  grass  cover 
was  replaced  by  the  chaparral  species  whose  water  economy  the  lysimeters 
vifere  planned  to  measure.   The  planting  plan  of  the  lysimeters  is  pre- 
sented in  Table  1.   Five  species  of  native  chaparral  plants  have  been 
used;   Eriogonum  fasiculatum,  AdfI;?§J^PJ?§:  .C§.§i?J:L^§i'.'^?  ^eanothus  crassi- 
folius.  Quercus  .dumosa,  •^'■•^d  Pinus  coulter i.   A  single  planting  of  each 
species  occupies  five  contiguous  large  lysimeters,  one  unconfmed  lysime- 
ter,  and  the  buffer  areas  aroimd  them,  which  extend  20  feet  north  and 
50  feet  south  of  the  edges  of  the  large  lysimeter  line.   One  of  the 
large  lysimeters  is  still  maintained  with  a  bare  soil  surface. 

The  root  study  lysimeters  and  thejr  buffer  area  have  also  been 
planted,  one  to  each  of  the  study  species.   The  medium  and  small  lysime- 
ters romain  unplanted  in  1947,   As  is  reported  in- Part  2  of  this  paper, 
inconsistencies  in  reaction  have  been  observed  between  the  weighing- 
type  lysimeters  and  the  others.   Until  certain  changes  in  design  have 
been  made  in  them  the  medium  and  small  lysimeters  will  remain  withdrawn 
f •"om  use  in  the  lysimeter  study. 


Table  1.-  Planting  plar  of  San  Dimas  1/simeters 


Large 
lysipieter 

No. 


Species 


Unconfined 
'Jysimeter 

No,. 


1 
2 

5 , 4  J  5 

6 

H,   9;.   IC 

11 

12 

15,  14,  15 

16 

1^ 

18,  ]P,  ?0 

21 

22 

25,  24,  25. 


Bare 

Eriogonum  fasiculatum  (border) 
'  "       (controlled) 

'  "       (border) 

Adenostoma  fasiculatum  (border) 

(controlled) 
(border) 
Ceanothus  crassifolius  (border) 

"  (controlled) 
"  (border) 
(border) 
(controlled) 
(border) 
(border) 
(controlled) 


Quercus  dumosa 

ti 

Pinus  coulteri 
It  II 


E 


SUMMARY 

The  San  Dimas  lysimeters  were  established  for  the  purpose  of 
comparing  the  water  economy  of  a  number  of  chaparral  plant  species 
that  are  important  in  the  management  of  southern  California  mountain 
watersheds,   The  installation  includes  five  types  of  lysimeters  and  a 
climatic  station  located  on  an  area  of  uniform  topography  and  enclosed 
in  a  rodent-proof  and  deer-proof  fence.   The  same  kind  of  soil  has 
been  used  and  uniformly  placed  in  all  the  lysimeters  in  order  to  minimize 
soil  variability..   Rain,  runoff,  and  seepage  are  measured,^  and  weighing 
or  periodic  soil  moisture  sampling  is  used  to  study  evaporative  v;ater 
losses. 

The  lysimeters  were  installed  in  1937  and  their  soil  settling 
was  measured  under  excelsior- covered  surfaces  from  1937  to  1940.,   In 
1940  the  originally  overfilled  soil  blocks  were  cut  down  to  their  final 
depths  and  all  but  a  few  tanks  were  seeded  with  Bxomus  mollis,  thus 
initiating  the  second  phase  of  the  study   The  final  phase  of  research 
was  entered  in  1946  with  the  conversion  of  the  grass  cover  to  stands 
of  the  several  chaparral  species  whose  water  economy  is  to  be  studied. 
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PART  2  —  THE  RELATIVE  PERFORMANCE  OF  FOUR  TYPES  OF  LYSIMETERS-^ 

The  purpose  of  this  paper  is  to  compare  certain  data  obtained  from 
four  types  of  lysimeters  included  m  the  San  Dimas  installation,  to  learn 
whether  it  is  possible  to  use  one  type  of  lysimeter  to  provide  data  to 
supplement  those  obtained  m  another  type 

A  number  of  investigators  have  suggested  that  simpJe  or  even  con- 
sistent relations  might  not  exist  between  the  moisture  conditions  .of 
different  kinds  of  lysimeters.   In  1913  Willard  and  Humbard  (10)-/  noted 
that  niore  water  passed  through  a  four-  foot  depth  of  undisturbed  field 
soil  than  throug}:  a  lysimeter  having  the  same  soil  depth  and  treatment. 
In  191"^  Alway  and  McDole  [2)    found  that  a  fine  soi!I  underlain  by  sand 
retained  more  water  against  drainage  than  it  did  when  t,his  textural  lay- 
ering was  not  present.   These  studies  introduced  the  concept  of  the 
interface  effect:'  the  incomplete  drainage  of  enclosed  lysimeters  caused 
by  the  requirement  that  seepage  water  must  pass  across  a  roi] -over- air 
interface  m  order  to  leave  the  soil.   4derkas  [1]    fourd  tnat  shallow 
lysimeters  filled  with  sand  held  more  water  per  unit  of  depth  than  did 
deeper  ones.   This  he  attributed  to  the  interface  effect  and  he  not-ed 
that,  as  a  resu!it,  increased  e-"-apGr";tion  corresponded  with  a  decrease  in 
lysimeter  soil  depth.   Neaj ,  Richards,  and  Russe]l  '  ")  buried  tensi 
ometers  m  corf:ned  lysimehers  and  found  that  tne  s^:,  1  m  the  bottom,  of 
the  lysimeter  must  be  nearly  saturated  before  seepage  would  occur. 

Most  early  investigators  who  made  use  of  lysimeters  expressed  ro 
concern  ovpr  +he  reliability  or  applicability  of  their  data..   The  litera 
ture  shows  that  these  workers  almost  always  assumed  that  their  lysimeters 
represented  an  approach  sufficiently  close  to  naturaj'  conditions  to 
satisfy  them,  at  least  with  respect  to  the  factors  under  investigation.. 
Recently,  however,  there  have  been  suggestions  that  moisture  conditions 
in  enclosed  soil  blocks  might  be  sufficiently  different  from  conditions 
m  the  field  to  ,;UStif3''  a  critical  examination  of  the  lysimeters  themselves 
Thus  Wallihan  (9)  studied  the  influence  of  the  soil/air  seepage  interface 
by  inserting  a  tensiometer  cup  m  the  base  of  a  small  lysimeter  and  main- 
taining a  tension  of  10  cm  .Hg  on  the  soil  water  at  that  level,   He  found 
significant  differences  m  evaporation,  seepage,  and  plant  growth,  between 
this  lysimeter  and  one  m  which  no  seepage  tension  was  applied-   In  their 
excellent  survey  of  lysimeters,  Kohnke,  Dreibelbis,  and  Da'^ldsov^  (6) 
stre.ss  the  importance  of  duplicating  natural  environmental  conditions  m 
enclosed  soil  blocks  if  the  data  obtained  from  them  are  to  have  fi^ld 
application.   They  mention  the  desir,abiiity  of  measuring,  not  only  the 
average  moisture  content  of  the  lysimeter  soil,  but  also  the  distribution 
of  moisture  withm  the  soil  block. 


1/  The  graphical  analysis  included  m  this  paper  was  performed  by  N .  0- 
Broughton  of  Civilian  Public  Ser-;tice  Gamp  #76,  Glendora,  Californiaj 
vvrose  assistance  is  gratefully  acknOA'ldged  , 

2/  Numbers  m  parentheses  refer  to  References,  page  33. 
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In  1940  and  1941  the  American  Geophysical  Union  Committee  on 
Evapor-jt  i  Gil  and  Transpiration  devoted  its  annual  reports  (4,  5)  almost 
exclusively  to  discussions  of  the  usefulness  of  water  utiliza.tion  data 
obtained  from  lysimeters.   Although  many  excellent  discussions  and 
suggestions  appear  in  these  reports,  there  is  a  marked  lack  of  refer- 
ence to  specific  studies  of  lysimeter  behavior.   Most  of  the  discussions 
suggest  that  lysimeters  do  not  provide  data  comparab] e  with  those  obtained 
from  natural  soils,  and  both  reports  emphasize  the  necessity  for  es- 
tablishing natural  conditions  m  lysimeters  before  comparable  results 
can  be  obtained.   Summarizing  the  replies  to  the  questionnaire  which 
formed  the  basis  of  the  1941  report  Kittredge  stated r    "the  point  is 
emphasized  by  several  that  the  transpiration  from  plants  in  containers 
would  be  the  sane  as  that  without,  if  all  the  conditions  and  particu- 
larly the  soil  moisture,  were  the  same  within  as  v^ithout  ....   If  the 
conditions  are  not  thus  identical,  the  application  of  figures  for  estim.a-- 
tion  of  transpiration  over  large  areas  forthwith  be-'omes  subject  to 
uncertainfrr ." 

The  wide  response  to  the  lysimeter  questionnaires  indicates  the 
interest  shown  by  research  men  m  the  problems  connected  with  their  use. 
The  lack  of  unanimity  upon  many  points  demonstrates  the  need  for  studies 
designed  specifically  to  investigate  the  behavior  of  lysim.eters.   The 
San  Dimas  lysimeter  installation  provides  an  opportunity  for-  such  a 
study  since  it  mclndps  several  lysimeter  tjpes   differing  in  design  but 
identical  as  to  environment,  soil,  and  AAegetation.   Information  concern- 
ing this  installation  was  presented  m  Part  1.. 

THE  DATA 

Since  the  lysimeters  of  the  San  Dimas  installation  were  designed 
to  study  the  water  economy  of  plants,  a  comparison  of  water  content  of 
the  s>-'.."eral  lysimeter  types  was  made  the  primiaiy  basis  for  the  studj''  of 
their  behavior, 

The-  small  and  medium  lysim.eters  were  weighed  weekly  during  the 
greater  part  of  each  year,  thus  providing  direct  periodic  measures  of 
their  wa+er  content.   From  193"  to  1940  all  72  small  and  all  30  medium 
lysimeters  were  mainta3.ned  free  of  vegetation..   After  1940  four  tanks 
of  each  type  were  kept  bare  while  the  remainder  supported  reasonably 
uniform  stands  of  annual  grass  (Bromus  mollis)  ,   The  so^.l  water  contents 
used  m  this  analysis  are  average  values  for  each  date  of  'determination, 
for  all  lysimeters  having  the  same  treatment.   Soil  samples  were  obtained 
twice  Q1-: mg  the  course  of  this  study  from  each  set  of  the  weighing 
lysimeters   Soil  was  collected  by  3-inch  layers  so  that  its  moisture 
content  could  be  related  to  soil  depth  and  lysimeter  treatment. 

The  lar.-;t-  '.;nd  unconfnned  lysimeters  received  the  same  sequence  of 
treatments  as  did  those  just  described.   All  the  unconfined  and  all  but 
one  of  the  large  lysimeters  were  planted  to  Bromus  jnollis  in  1940.   The 
rema:ning  large  lysimeter  was  maintained  bare  of  vegetation  throughout 
this  period.. 
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The  water  content  of  the  large  and  unconfined  lysimeters  was  de- 
termined by  periodic  moisture  sampling  during  the  last  two  years  of  this 
study.  Weekly  or  bi-weekly  samplings  were  made  in  one  bare  and  one  grass- 
covered  large  tank  and  in  one  of  the  grass-covered  unconfined  lysimeters. 
Soil  water  content  was  determined  by  6-inch-thick  soil  layers  to  a  depth 
of  6  feet.   Total  water  contents  of  the  lysimeters  were  calculated  from 
these  data  for  each  date  of  sampling. 

The  grass  yields  of  all  the  lysimeters  were  determined  each  year 
after  the  matured  grass  was  mowed  to  a  uniform  stubble  height.   The  dry 
weight  of  the  grass  produced  in  1940-41  and  1941-42  in  the  four  types  of 
lysimeters  has  been  utilized  to  show  further  the  agreement  between  lysime- 
ter  groups, 

In  analyzing  the  soil-moisture  data  the  most  direct  comparisons 
have  been  made  possible  by  plotting  the  average  water  content  of  one 
lysimeter  type  against  that  of  another  type  on  the  same  day.  By  this 
procedure  definite  relations  demonstrated  them.selves  readily,  the  general 
shape  of  the  data  envelopes  indicated  the  kind  of  relation  existing  be- 
tween the  two  variables,  and  the  scatter  of  the  data  about  the  regression 
line  provided  an  indication  of  the  reliability  of  the  relation.   Further- 
more, when  the  plotted  data  were  connected  m  chronological  sequence  the 
relation  between  corresponding  periods  or  moisture  stages  could  be  studied, 

Statistical  analysis  has  not  been  resorted  to  in  this  study  because 
the  results  are  believed  to  be  sufficiently  well  defined  without  the  use 
of  miathematica]  criteria  of  reliability.   Instead,  in  those  cases  showing 
definite  relations  the  regression  line  has  been  used  as  the  means  of  cal  - 
culating  the  water  content  of  one  lysimeter  type  from  that  of  the  other, 
The  calculated  and  measured  values  have  then  been  plotted  on  the  same 
chart  as  a  function  of  time;  and  the  occurrence,  magnitude,  and  direction 
of  differences  between  the  two  were  studied  to  indicate  the  significance 
of  the  regression  line, 

RESULTS  OF  ANALYSIS 

Relation  between  water  content  of  medium  and__ajiiall  lysimeters . 

In  figure  8  data  are  presented  relating  the  water  contents  of  the 
medium  and  small  lysimeters.   In  Figure  8(A)  the  average  water  content 
of  the  bare  lysimeters  has  been  plotted  for  the  period  from  March  1938 
to  October  1942.   In  Figure  8(B)  the  same  data  have  been  plotted  for  the 
grass-covered  lysimeters  for  the  period  October  1940  to  October  1942- 
The  relation  in  both  cases  is  obviously  linear,  and  the  scatter  of  points 
is  small  enough  to  make  the  location  of  the  regression  line  quite  defi- 
nite.  Only  in  the  early  part  of  the  1940-41  season  (indicated  by  lines 
connecting  points)  do  the  data  show  a  distinct  divergence  from  the 
general  relation.   At  the  start  of  this  season  fresh  soil  was  added  to 
all  the  lysimeters  to  make  up  for  the  soil  settling  that  had  taken  place 
since  the  tanks  were  first  filled.   It  is  felt  that  the  addition  of  dry 
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J'igure  S. •—Relation  "between  water  content  of  medium  and  small 
lysimeters;      (A)   "bare   soil,    1938-^2,    (B)   grass-covered  soil,   19^0-^2, 
(Early  19^0-^1  season  data  connected  by  lines.) 


srdl   provided  the    ':ause   of   this   divergence.      The  aeeper  medium  lysimeters 
required,    of   course,    more   soil    th'-^n  dia   the   smaller   ones.      The   following 
equations  aescribe   the  regression   lines   of  Figures   8i'A)    and  b(B)  : 


are   lysimeters: 


M 


I.O.IS  +  4.53 


Grass- covered  lysimeters: 


=  I.ISS  4  5.8; 


In  th£-.be  cq"u-::ticns  M  is  the  water  content  (inches  depth)  of  the  medium  and 

S  that  of  the  small  lysimeters. 

It  is  apparent  that  water  content  is  not  directly  related  to  soil  aepth, 
but  that  a  proportionality  factor  must  also  be  introduced.   It  will  be 
noted  further  that  the  two  equations,  one  relating  bare  and  the  other 
grass- covered  lysimeters,  have  different  constants.   This  inaicates  that 
treatment  has  an  effect  on  the  relative  performance  of  lysim.eters  of 
different  size  ana  shows  that  the  small  lysimeters  cannot  be  considered 
scale  models  of  the  medium  ones.   Therefore,  it  is  not  possible  to  calcu- 
late water  use  by  plants  in  the  medium  lysimeters  from  water  use  measured 
in  the  small  lysimeters  without  first  growing  the  S/UME  PLANTS  IN  BOTH 
LYSIMETERS  for  a  calibration  period. 
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Figure  9i — Aim^^ftT    cycles  of  soil  water  content  in  meditim  and 
small  lysimeters;      (A)   1939-Uo,    (B)   19^1-'+2.      Solid  lines  connect 
oTjserved  points;   dashed  lines,    calculated  points,      (The   same  relations 
are  shown  during  the  19H0-U1  and  19U2-U3  seasons.) 


In  Figure  9  the  average  measured  water  contents  of  the  medium  and 
small  lysimeters  are  shown  as  a  function  of  time  for  two  years  of  the 
study.   The  figure  also  contains  the  water-content  curve  calculated  for 
the  i:i6dium  lysimeters  from  the  equations  just  presented.   The  general 
agreement  of  calculated  and  measured  values  for  the  medium  lysimeters  is 
immediately  apparent.   Considering  the  whole  period  of  study,  the  maximum 
differences  betweeu  calculated  and  measured  values  are  found  in  the  early 
part  of  the  1940-41  season,  soon  after  the  addition  of  fresh  soil  to  the 
lysimeters.   The  reason  for  this  difference  has  already  been  explained. 
With  the  exception  of  this  period,  the  maximum  difference  is  not  greater 
than  -*-  .  3  inch. 

It  wilj.  be  noted,  in  Figure  9  that  each  year  the  medium  lysimeters 
(both  bare  and  grass- covered)  reached  their  maximum  water  content  at 
very  nearly  tlie  samie  date  as  did  the  small  ones.   During  the  following 
period  of  3  or  4  months  the  average  water-content  of  the  medium  lysimeters 
was  1.57  times  that  of  the  small  ones.   This  corresponds  veiy  closely  to 
the  ratio  of  medium  to  small  lysimeters  soil  depths  (1.58  to  1)  and  thus 
indicates  close  agreement  between  the  av  rrage  maximum  moisture  contents 
of  the  two  lysimeter  groups. 

The  average  water- content  ratio  in  late  summer  was  1.98  to  1, 
showing  that  more  water  was  lost  in  the  drying  period  from  the  small 
(shorter)  lysimeters  relative  to  their  depth  than  from  the  medium  lysime- 
ters.  As  is  shown  in  Table  2  dry  season  water  losses  from  the  two 
lysimeter  groups  were  nearly  equal.   This  means  that,  depth  for  depth, 
the  small  lysimeters  lost  more  water  than  did  the  medium  lysimeters  and, 
therefore,  should  have  ended  the  dry  season  with  a  lower  average  soil- 
moisture  content.   This  has  been  confirmed  by  measurement.   Soil  moisture 
samples  were  obtained  late  in  September  (the  end  of  the  dry  season)  from 
the  medium  and  small  lysimeters  (fig.  10).   As  was  expected  the  moisture 
contents  of  the  small  lysimeters  were  lower  than  those  of  the  medium  ly- 
simeters at  every  depth  under  both  bare  and  grass-covered  surfaces.   In 
view  of  these  findings  a  consistent  relation  between  the  water  contents 
of  the  tv;o  lysimeter  groups  would  seem  to  depend  on  both  groups  being 
brought  to  maximum  moisture  contents  (i.e.,  the  establishment  of  seepage) 
each  year.   Because  of  their  shallow  depths  and  the  possibility  of  im- 
pounding water  upon  their  surfaces,  this  condition  has  been  met  each  year 
despite  a  considerable  variation  in  annual  rainfall. 
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Figure  10. —Soil  moisture  distribution  in  medium  and  small 
lysimeters  at  the  end  of  the  19^40-^1  dry  season  (9/25/M.l),  Bare 
lysimeters  shown  "by  solid  lines,  grass-covered  "by  dashed  lines. 


Tabl e  2 . -  Dry  season  water  losses _ f rem  medium  and  small _1 y s im e t er^ 


Year 


1938 
19-^9 
1940 
1943 
1942 


Season 


5/5  -9/28 
4/1  9/20 
5/1  -9/14 
4/18  9/25 
4/15  9/22 


EvapcratiGnCoare  soil):    Fvapc-transpiration 

_   __       *    (grass-covered   soil) 

:   MediUTT 


Medium   r   Small 
lysimeters  Jj^s j  me t ers;  ly  s  1  p  =3 1  =■  "^s 


Inches 
4.0 

5.3 
4.0 
3.6 
3.5 


I_nche^ 
4,0 
4,9 

3.7 
3.2 


Inches 


4.,9 
3.6 


t      Sma]] 

; lysimeters 
I 
Inches 


4.2 
5.^ 


R^ja t i o ij_  between  water  content  of  large  and  medium  lysimeters  maintained 
bare  of  vegetation . 

V/ater  content  data  for  the  total  soil  depths  of  the  one  bare 
large  lyciineter  and  the  average  of  the  bare  mediii' ■  lysimeters  over  a 
period  of  two  years  have  been  related  in  Figure  11.   The  regression 
linos  fitted  to  the  data  show  better  agreement  between  vrdter  contents 
of  the  two  lysimeter  groups  during  the  dry  part  of  each  year  than  during 
the  rainy  part. 

It  will  be  observed  first  that  data  of  the  two  years  do  not  co- 
incide.  The  two  regression  lines  are  parallel  and  both  lie  at  such  a 
slope  that  the  coefficient  in  each  equation  is  unity.   The  equations 
relating  water  content  of  the  lysimeters  are  as  follov^s: 

1940-41  season:   Large  =  medium  -*  9.41  inches 
1941-42  season:   Large  =  medium  +  8.05  inches 

The  sig.  ificance  of  the  45^  slope  of  the  two  lines  is  not  clear  in  view 
of  the  'lack  of  such  a  relationship  between  the  medium  and  small  lysimeters. 
The  separation  of  the  lines  representing  the  two  years  may  be  related  to 
the  rainfall  chara- "r^eristics  of  the  two  seasons.   The  1940  41  rainy 
S'^'ason  was  characterised  by  a  long  period  of  fairly  continuous  rain  and 
a  high  seasonal  total  of  48  inches.   The  next  year  was  characterized  by 
scattered  small  showers  totaling  only  16  inches.   In  1940-41  little 
evaporation  occurred  during  the  rainy  season,  and  the  rain  was  sufficient 
to  produce  seepage  from  both  lysim';ters.   During  the  1941-42  season  most 
of  the  added  water  had  been  lost  by  evaporation  before  the  end  of  the  wet 
season,  and  sc:il  sarc.pl;;ng  in  the  large  lysimeters  showed  no  water  pene- 
trating more  than  one  foot  below  the  surface.   Therefore  in  the  spring 
of  1941  the  bare  large  lysimeter  entered  the  dry  season  with  a  higher 
water  content  than  it  did  the  following  year.   The  medium  lysimeters,  on 
the  other  hand,  produced  seepage  both  years.   This  was  due  to  the  im- 
pounding of  water  on  their  soil  surfaces  (the  surface  runoff  outlet 
cannot  be  adjusted  to  drain  the  soil  surface  completely) ,  which  resulted 
in  greater  uptake  of  water  in  these  lysimeters  during  the  1941-42 
season  thcax   in  the  large  lysimetei-s.  The  bare  medium  lysimeters  reached 
very  nearly  the  same  maximum  water  content  in  both  seasons,  although 
this  was  not  the  case  in  the  bare  large  lysimeter  (fig.  11(A)). 

The  dnh'i  'n  Figar^-  11(A)  have  been  connected  in  chronological 
sequenc'i^,  demonstrating  thf.  wide  discrepancy  in  the  early  part  of  the 
1940-41  season.   Again  the  disagreem.ent  between  these  data  and  the 
general  trend  can  be  attributed  to  soil  changes  occurrj.ng  just  before 
that  rainy  season.   At  that  time  (the  end  of  the  soil  settling  period) 
a  layer  of  overfill  soil  approximately  six  inches  thick  was  removed  from 
all  Lhe  large  lysimeters.   As  a  result  of  the  removal  of  the  drier  top 
soil,  the  large:  lysimeter  entered  the  rainy  season  with  a  highei'- than- 
noi-mai  average  moisture  content,  while  the  addition  of  dry  soil  to  the 
top  of  the  m.edium  lysimeters  reduced  thej.r  average  moisture  content. 
The  influence  of  this  treatm.ent  persisted  until  January  1941,  when  the 
bare  miediuji  lysimeters  had  almost  reach.ed  their  maximum,  water  content. 
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Figure  11.^ — Halation  between  water  content  of  bare  large  and 
medium  lysimeters,    19^-^2;    (A)  Fxall  lysimeter  depths,    (B)   3S-inch 
soil  depths  during  dry  seasons. 
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Figure  12. — Observed  and  calculated  soil-water  cycles  in  the 
bare  large  lysimeter,   19^-^2. 


The  equal  dry- season  water  losses  in  the  bare  medixun  and  large 
lysimeters  are  probably  something  of  a  coincidence,  for  all  the  water 
lost  from  the  large  lysimeters  did  not  come  from  the  top  38  inches  of 
soil  corresponding  to  the  medium  lysimeter  soil- depth.   This  may  be  seen 
by  reference  to  Figure  11(B),  in  which  the  water  content  of  the  top  38 
inches  of  large- lysimeter  soil  has  been  shovm  in  I'elation  to  that  of  the 
medium  lysimeters  at  corresponding  dates.   If  all  the  water  loss  from 
the  large  lysimeter  had  come  from  above  38  inches  depth,  the  slope  of 
the  regression  line  in  this  figure  would  have  been  equal  to  that  in 
Figure  11(A).   Actually,  however,  only  two- thirds  as  much  water  was  lost 
from  58  inches  of  soil  m  the  large  lysimeter  as  from  the  corresponding 
depth  of  soil  in  the  medium  lysimeter.   The  remaining  one- third  of  the 
water  lost  must  have  come  from,  greater  depths  in  the  large  lysimeter, 
so  that  its  evaporation  loss  during  the  dry  season  was  equal  to  that  of 
the  medium  lysimeters. 

The  relations  derived  in  Figure  11(A)  have  been  applied  in  Figure 
12,  where  the  observed  water  content  of  the  bare  large  lysimeter  at  any 
date  can  be  compared  with  that  calculated  from  the  water  content  of  the 
bare  medium  lysimeter  by  the  use  of  the  equations  given  above.   The 
agreement  of  the  two  amounts  is  rather  poor  during  that  portion  of  each 
year  when  the  soil  moisture  content  is  high,  but  it  becomes  very  good 
during  the  drying  seasons. 

The  fundamental  difference  between  these  lysimeters  seems  to 
arise  from  the  incomplete  moisture  recharge  of  the  large  lysimeters 
during  one  of  the  two  years  studied,  a  condition  not  encountered  in  the 
medium  lysimeters.   It  appears  probable  that  both  lysimeters  would  have 
had  closely  related  water  cycles,  regardless  of  their  surface  areas,  if 
both  had  had  the  same  soil  depth  and  equal  freedom  of  surface  drainage. 

Relat ion  ship  between  water  contents  of  large  and  medium  ly simeters 
s jpporting  a  cover  of  annual  grass. 

When  medium  and  large  lysimeters  having  a  grass  cover  are  com. 
pared  (fig.  13)  the  resulting  relation  is  more  indefinite  than  the  one 
betv/een  the  bare  lysimeters.   The  curved  regression  line  in  Figure  13 
is  based  upon  all  data  except  that  of  the  early  part  of  the  1940-41 
season,  which  was  unique  because  of  the  removal  of  soil  from  the  surface 
of  the  large  lysimeters.   Although  a  curvilinear  relation  is  indicated, 
the  scatter  of  the  data  about  the  regression  line  detracts  from  the 
significance  of  its  location  and  shape.   The  relation  is  not  improved 
by  a  comparison  of  the  water  contents  of  the  38- inch  deep  soil  layers 
alone.   Consequently  these  data  have  not  been  included  here. 
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Figure  13- — Halation  between 
water  content  of  grass- cove red 
large  and  mediuxn     lysimeters, 
I9I4O-I12. 


Figure  ik. — Observed  and 
calCTilated  soil-water  cycles 
in  grass-covered    leurge  ly- 
simeters,    igUo-^. 
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Application  of  the  regression  curve  to  the  observed  water-content 
data  is  made  in  Figure  14.   As  was  to  be  expected,  the  early  part  of  the 
1940  41  season  shows  poor  agreement  between  observed  and  calculated 
values.   The  later  part  of  this  season  shows  good  general  agreement. 
The  next  season  exhibits  fair  agreement  during  the  earlier  part  of  the 
year,  but  the  water- loss  rates  measured  in  the  large  lysimeter  during 
the  later  part  of  the  year  are  considerably  greater  than  those  indicated 
by  the  calculated  wa ter- content  line.   These  results  indicate  that  the 
grass-  covered  medium,  and  large  lysimeters  are  comparable  as  to  their 
wa.ter  losses  only  in  the  most  general  way. 

'Reasons  for  the  lack  of  consistent  relationships  between  these 
lysimeters  may  be  traced  to  the  yield  of  grass  (to  be  discussed  later), 
and  to  their  uptake  and  storage  of  water.   Differences  in  water  abscrp 
tion  betv»ean  the  large  and  medium  lysimeters  have  already  been  explained. 
Summer  water  losses  from  the  gr^ss- covered  large  lysimeters  were  5.6 
inches  in  1941  and  4,5  inches  in  1942,  compared  with  losses  of  4.9  inches 
and  3,6  inches  respectively  from  the  m.edium  lysimeters*   It  follows  that, 
although  only  the  grass- covered  medium  lysimeters  produced  seepage  each 
year,  they  lost  less  water  by  evaporation  than  did  the  large  ones.   The 
greater  soil  depth  and  better  conditions  for  root  development  in  the 
large  lysimeters  (see  discussion  of  grass  yield)  appear  to  have  resulted 
in  heavier  grass  yield  with  increased  evapo- transpirational  water  use 
relative  to  ihvt   of  the  mediurr:  lysimeters..   On  *".he  basis  of  this  analysis 
it  cannot  be  said  that  a  unique  relation  does  exist  or  would  be  expected 
to  exist  between  the  medium  and  large  grass-covered  lysimeters. 

Relation^  bfrbween_j'/§t_er         9?...l!^J£^.?-r^A..'^^PPl^L'^'^.^A.Jj§J^l'§r.§.r 
k§J'y!^.§-?I5.^.tha  t_jDf _jiiedi^urr!_  and_  iinSPr^i!  ipsd_  ly  s  ime  ters . 

The  water  contents  of  the  grass-  covered  large  lysimeters  are  com 
pared  m  Figure  15  with  the  water  content  of  the  grass-  covered  unconfmed 
lysimeters  at  corresponding  dates.   Figure  16  presents  the  sam.e  relation 
between  the  medium  and  unconfined  lysimeters :   Both  graphs  show  a  wide 
scat+er  ci  points  and.  no  consistent  relation  through  the  two-year  period. 
Therefore,  no  attempt  has  been  made  to  establish  a  regression  line  re- 
lating these  lysimeters.   Although  both  reached  approximately  the  same 
maximum  values  in  the  1940-41  season,  the  rate  of  water  loss  from  the 
unconfined  lysimeters  during  the  early  summer  was  by  far  the  greater. 
The  lowr  rainfall  of  the  next  season  did  not  permit  complete  recharge  of 
moisture  storage  in  either  lysimeter,  and  the  rates  of  water  loss  from 
the  two  lysimeters  during  the  early  summer  of  1942  were  nearly  equal. 
Hovifevoi',  even  under  these  conditions  the  soil  water  contents  of  the  two 
lysimeter  groups  cannot  be  considered  to  be  uniquely  related,   A  compari- 
son of  Figure  17  with  Figure  9  shows  also  the  lack  of  a  unique  relation- 
ship between  unconfined  and  medium  lysimeters  planted  v/ith  the  same  kind 
of  vegetation. 
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Figure  17.— Otserved  soil-water  cycles  in  grass- cove  red 
Tinconfined  lysimeter,  19^0-^2. 


The  3ack  of  a  soil/air  interface  at  the  base  of  the  unccnfmed 
lysimeter  introduces  a  fundamental  difference  betv/een  thxs  kind  of  ly 
siineter  and  the  enclosed  soil  blocks  represented  by  the  large,  medium, 
and  small  lysimeters.   Seepage  water  in  the  large  lysimeters  can  be  lo 
frorri  the  soil  or{\rr  \y   its  passage  into  the  dram  pipe  at  the  lower  edg 
of  the  soj.l  block.  Hence,  seepage  from  these  lysimeters  continues  Ion 
after  tensiometer  measurements  m  the  bottom  of  the  unconfmed  soi] 
blocks  have  shown  that  dowriward  movement  has  ceased.   Furtherm.ore. 
tensiometers  m  the  soil  at  the  base  of  the  large  lysimeters  show  that 
the  S03I1  moisture  tension  there  must  equal  zero  before  seepage  will 
start,  while  tensions  of  3  to  5  cm.  of  mercury  have  been  measured  regu- 
larly by  tensiometers  at  the  base  of  the  unconfined  lysimeters  during 
their  seepage  period. 
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These  last  observations  indicate  that  the  maximum  soil  moistures 
in  the  unconfined  lysimeters  are  definitely  below  saturation  while  those 
near  the  base  of  the  large  lysimeters  are  representative  of  a  saturated 
condition.   The  resulting  better  aeration  of  the  unconfined  lysimeters 
may  be  the  cause  of  their  greater  crop  yield  (see  grass  yield  discussion) 
and  evapo- transpiration  water  loss  in  the  1940-41  season,  as  shown  m 
Table  3.   The  reversal  shown  in  this  table  for  the  1941-42  season  is 
probably  due  to  the  lower  soil  moisture  contents  of  both  these  lysimeters 
(resulting  in  better  soil  aeration)  caused  by  the  deficient  and  sporadic 
rainfall  of  this  year. 

The  conclusion  must  be  draiAoi  that  the  unconfined  lysimeters  bear 
no  consistent  relation  to  the  other  lysimeter  groups  insofar  as  their 
water  contents  and  water  losses  are  concerned. 

Table  3,-  Evapo-transpiration  water  loss  during  the  dry  seasons  of 

1941  and  1942,  in  the  large  and  unconfined  lysimeters 


Water  loss 


Year          Season           Large       Unconfined 
lysimeter lysimieter 


Inches         Inches 

1940  41     April  to  October       5,6  9.0 

1941-42     May  to  September        4.3  2.4 


G r_a s s  yields  i n _ the  ly s imeter  g roups . 

The  annual  harvest  of  grass  (Bromus  mollis)  on  the  lysimeters 
made  it  possible  to  obtain  direct  comparisons  of  grass  yield  per  unit 
area  of  lysimeter  surface.   These  data  demonstrate  the  striking  differ- 
ences in  growing  conditions  in  the  several  lysimeter  groups  (table  4). 
The  fairly  good  agreement  between  large  and  unconfined  lysimeter  yields 
stands  in  marked  contrast  to  the  lower  yields  from  the  shallower  soil 
tanks.  That  the  differences  are  not  caused  by  limited  water  supply  in 
the  smaller  tanks  has  been  established  by  soil  moisture  determinations 
made  in  the  lysimeters  after  the  grass  had  matured  and  dried.   In  no 
case  did  the  average  moisture  content  approach  the  wilting  point  of  the 
soil.   Although  scarcity  of  water  was  not  the  cause  of  lower  grass 
yields  in  the  shallower  lysimeters,  it  appears  possible  that  periods  of 
excess  water  during  the  growing  season  may  have  been.   The  small  and 
medium  lysimeters  produced  seepage  during  1941  and  1942  and  free  water 
was  often  observed  on  the  soil  surfaces  of  the  small  lysimeters  after 
periods  of  rain.   It  appears  probable  that,  owing  to  the  interface 
conditions  at  the  base  of  the  soil  columns,  the  small  lysimeters  may  be 
nearly  saturated  through  the  greater  part  of  their  24  inch  depth  before 
seepage  takes  place.   By  the  same  token  the  medium  and  large  lysimeters 
would  be  saturated  to  an  equal  height  above  the  seepage  plane.   This 
would  provide  a  greater  depth  of  aerated  soil  with  increasing  depth  of 
lysimeter.  Thus,  the  deeper  the  soil  block,  under  these  drainage  con- 
ditions, the  better  would  be  the  average  growing  condition  for  plants. 
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Table  4.-  Annual  grass  yield  of  San  Dimas  lyslmeters 


Ly sinieter   :       :   _   Average  yield  (oven  dry) 

"  type I_^No^ : "'  1940 ""41 :_  _'    1941-42 

Ib/sq.ft-   Ita/acre  Ib/sg.ft,   lb/acre 

.088     3500  .026      1150 

.069     3100  .026      1150 

.029     1260  .009       392 

.,013      566  .009       392 


Unccnf ined 

5 

Large 

25 

Medium 

26 

Small 

68 

Soil  moisture  samples  taken  in  the  large  lysimeters  during  their 
seepage  period  m  1943  revealed  that  only  within  the  top  foot  was  the 
soil  L-ignif icantly  drier  than  that  at  corresponding  depths  in  the 
medium  and  small  lysimeters.   It  may  be  that  the  differences  in  plant 
growth  depend  upon  these  observed  top-  soil  differences.   Soil  sampling 
has  not  provided  a  basis  upon  which  to  judge  the  significance  of  yield 
differences  between  large  and  unconfmed  lysimeters.   However,  a  com 
parison  of  the  soil  water  content  curves  of  the  large  and  unconfined 
lysimeters  'figs.  9  and  12'  during  the  late  spring  of  1941  shows  a  far 
greater  rate  of  moisture  loss  from  the  latter.   This  probably  implies 
better  growing  conditions  in  the  unconfined  lysimeters,  since  the  aver 
age  water  content  of  the  two  lysimeters  was  essentially  the  same.   Tne 
almost  equal  rates  of  water  loss  from  these  two  lysimeters  noted  during 
the  corresponding  period  of  the  next  year,  coupled  with  the  generally 
lower  moistures  which  prevailed  that  year,  may  explain  the  equality  of 
yield  m  the  1942  har^'-est. 

Thus  it  is  shoi/m  that,  at  least  under  conditions  of  complete 
annual  recharge  of  soil  moisture,  the  yield  of  annual  grass  diminishes 
progressively  in  the  sequence:   unconfined,  large,  medium,  and  small 
lysimeters  (table  4).   Under  these  conditions  none  of  the  lysimeter 
groups  cen  be  said  to  be  producing  comparable  data  and  all  three  groups 
of  enclosed  lysimeters  produce  lower  yields  than  do  the  most  naturally 
exposed  soil  blocks,  the  unconfined  lysimeters, 

CONCLUSIONS 

1.  Under  conditions  of  purely  evaporative  soil , moisture  loss  or 
und-a-  a  light  cover  of  annual  grass  there  is  a  close  linear  relation 
bet'A'een  the  water  content  of  the  small  and  medium  lysimeters.   Over  the 
period  of  study  one  set  of  constants  for  bare  and  one  for  grass- covered 
lysimeters  has  satisfied  this  relation.   Hov/ever.  the  same  constants  do 
not  relate  the  two  lysimeter  groups  under  different  treatments,  showing 
that  the  method  of  handling  the  lysimeters  influences,  the  relation  ex- 
isting between  them.   It  is  suggested  that  the  consistent  relation  found 
betweer.  small  and  medium  lysimeters  is  the  result  of  two  causes:   the 
cr.niplete  moisture  recharge  of  both  each  year,  and  the  failure  of  evapo  - 
ration  and  transpiration  to  reduce  these  soils  to  , their  wilting  points. 
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If  chaparral  or  other  perennial  vegetation  were  growing  in  these  lysime- 
ters,  it  is  anticipated  that  the  available  water  would  be  exhausted  more 
rapidly  in  the  small  than  in  the  medium  lysimeters.   Under  these  con- 
ditions it  may  be  that  the  equation  relating  the  two  would  be  less  simple 
and  less  significant. 

2c,   Although  a  simple  relation  appears  to  exist  between  the  water 
contents  of  the  bare  large  and  medium  lysimeters  during  the  dry  season, 
the  same  relation  does  not  hold  for  successive  years.   Nor  does  the 
summer  relation  hold  during  the  rainy  season.   The  relation  between  grass- 
covered  lysimeters  is  only  very  general  at  any  time.   The  inconsistencies 
brought  out  above  show  that  the  medium  lysimeters  cannot  be  considered  to 
be  models  of  the  large  ones  and  that  in  this  case,  as  well  as  in  that  of 
the  medium  and  small  lysimeters,  the  treatment  of  the  lysimeters  has  a 
considerable  influence  on  the  relation  existing  between  them. 

3.   The  unconfined  lysimeters  show  no  consistent  relation  to  any 
of  the  other  lysimeter  types  so  far  as  the  water  regime  is  concerned.   In 
grass  yield,  however,  they  are  closely  approximated  by  the  large  lysime- 
ters.  The  unconfined  lysimeters  are  fundamentally  different  from  the 
others  in  ths.t  seepage  from  them  is  unobstructed  while  a  soil/air  inter- 
face is  present  in  the  other  lysimeters.   It  appears  probable  that  this 
difference  in  seepage  condition  has  led  to  significantly  different 
moisture  distributions  and  growing  conditions  between  the  unconfined  and 
other  lysimeter  groups „ 

IMPROVEMENTS  IN  LYSIMETER  DESIGN 

It  is  recognized  that  the  unconfined  lysimeters  present  conditions 
more  closely  approaching  those  in  field  soils  than  do  any  of  the  other 
lysimeters.   The  fact  that  the  water  losses  from  the  other  lysimeters  do- 
not  agree  with  these  implies  short-comings  in  the  design  of  the  small, 
medium  and  large  lysimeters.   These  short- comings  are  thought  to  exist 
in  the  form  of:   1.   the  soil-over- air  seepage  interface;   2.  too  shallow 
a  soil  layer  in  medium  and  small  lysimeters;  and,  3.  restricted  surface 
runoff  in  medium  and  small  lysimeters.   As  a  result,  too  much  water  has 
entered  the  medium  and  small  lysimeters,  poorly  aerated  soil  has  led  to 
subnormal  plant  growth,  and  inconsistent  relations  of  evaporation  and 
evapo-transpiration  water  losses  have  developed  between  the  several  types 
of  lysimeters. 

Improvements  in  the  San  Dimas  installation  involve  providing  for 
(a)  complete  surface  drainage  and  extension  of  the  soil  depths  in  the 
medium  and  small  lysimeters  to  the  six-foot  depth  provided  in  the;  large 
ones  and  (b)  modification  of  seepage  conditions  in  all  the  enclosed  soil 
blocks  with  a  view  toward  minimizing  the  abnormal  moisture  conditions  now 
prevailing.   The  method  of  accomplishing  the  last-mentioned  improvement 
was  made  the  subject  of  a  recent  study  (_3)  .   This  study  demonstrated  that 
excess  water  can  be  drained  from  a  lysimeter  by  placing  fine-pored  fired- 
clay  tubes  in  the  lower  part  of  the  soil  block  and  maintaining  a  moisture 
tension  in  the  pores  equal  to  that  found  in  the  soil  at  field  capacity. 
The  equipment  required  to  perform  this  drainage  function  is  not  compli- 
cated in  form  or  operation.   It  requires,  however,  special  design  and 
manufacture  J  and  careful  installation. 
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SUMMARY 

Comparisons  of  the  sol!l  water  cycle,  annual  evypo- transpiration 
values,  and  yield  of  annual  grass,  have  been  made  between  four  types  of 
lysjneters  which  are  included  in  the  San  Dimas  lysimeter  installation. 
These  lysimeters  exhibit  differences  in  depth,  size,  surface  drainage, 
and  seepage  conditions.   Some  have  been  maintained  bare  and  some  have 
supported  stands  of  Bromus  mollis. 

A  unique  relation  was  found  to  exist  between  the  water  content 
of  cylindrical  lysimeters  24  and  38  inches  deep  perm.itting  the  water 
content  of  one  to  be  calculated  at  any  time  from  that  measured  in  the 
other.   A  somewhat  less  definite  relation  was  found  between  these  and 
the  third  type,  a  concrete  box  six  feet  in  depth.   Finally  no  unique 
relation  was  found  between  the  enclosed,  box- type  lysimeter  and  six-foot 
deep  Tilts  filled  with  the  same  kind  of  soil.   This  latter  "unconfined" 
lysimeter  differed  from  the  others  in  permitting  seepage  unobstructed 
by  the  soil/air  seepage  interface  which  caused  the  development  of  a 
saturated  soil  layer  above  the  seepage  plane  of  the  other  lysimeters, 

Gras;^  yields  became  progressively  lower  as  soil  depth  decreased, 
not  as  a  result  of  water  lack,  but  more  probably  stemming  from  the  poor 
aeration  of  the  shallov/  soil  blocks  arising  from  the  saturated  soil 
present  within  their  lower  depths. 

Since  the  "unconfined"  lysimeters  are  the  most  nearly  natural 
of  the  lysimeter  types,  improvements  in  lysimeter  design  should  seek 
duplication  of  conditions  within  them.   It  is  proposed  that  this  can  be 
accomplished  by  (1)  increasing  the  depths  of  all  soil  blo/ks  to  six 
feet;  (2)  providing  complete  surface  drainage:  and  (3)  eliminating 
abnormal  acil  moisture  condition  by  removal  of  the  soil/air  seepage 
interfcces. 
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FOREST  TREE  SEED  COLLECTION  ZONES  IK  CALIFORNIA 
H.  A.  Powells,  Silviculturist  1/ 


The  forests  of  California  are  divided  in  this  paper  into  forest 
tree  seed  collection  zones.   The  zones  are  created  for  two  reasons,  the 
first  of  which  is  to  insure  that  stock  grown  from  any  lot  of  seed  is 
planted  in  an  area  with  an  environment  comparable  to  that  of  the  location 
in  which  the  seed  was  collected.   The  great  range  of  types  and  sites  in 
the  forests  of  California  demands  that  the  general  principles  of  seed 
provenance  be  observed.   The  second  reason  for  establishing  seed  col- 
lection zones  is  to  simplify  the  keeping  of  records  of  seed  lots.   Re- 
cords of  individual  seed  lots  have  been  maintained  from  seed  collection 
to  outplanting  of  the  stock.   These  detailed  records  are  of  little  value 
without  adequate  research  concerning  the  performance  of  any  seed  lot  in 
a  given  planting  area. 


1/       The  author  acknowledges  the  use  of  the  vegetation  type  map  of 

California  prepared  by  the  Forest  Survey,  California  Forest  and 
Range  Experiment  Station,  and  information  furnished  by  Duncan 
Dunning  of  the  same  Station. 


*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 


The  question  of  seed  provenance  is  summarized  by  Baldwin^/  and 
need  not  be  reviewed  here  in  detail.   The  essence  of  research  and  ex- 
perience in  seed  provenance  is  that,  except  for  known  superior  strains 
or  exotics,  the  best  plantations  result  from  seed  collected  from  an 
area  of  comparable  environment.   This  generality  is  recognized  in  the 
statement  of  the  Seed  Policy  Committee  of  the  United  States  Department 
of  Agricultures/  that  it  shall  be  the  policy — 

4.  To  use  local  seed  from  natural  stands  whenever  avail- 
able unless  it  has  been  demonstrated  that  seed  from  another 
specific  source  produces  desirable  plants  for  the  locality  and 
uses  involved.   Local  seed  means  seed  from  an  area  subject  to 
similar  climatic  influences  and  may  usually  be  considered  as 
that  collected  within  100  miles  of  the  planting  site  and  differ- 
ing from  it  in  elevation  by  less  than  1000  feet. 

5.  When  local  seed  is  not  available,  to  use  seed  from  a 
region  having  as  near  as  possible  the  same  length  of  growing 
season,  the  same  frequencies  of  summer  drought,  with  other 
similar  environment  so  far  as  possible,  and  the  same  latitude. 

Strict  adherence  to  this  policy  involves  separate  maintenance  of 
individual  seed  lots  from  seed  collection  to  outplanting.   A  simpler 
method  of  handling  seed  is  here  provided  by  recognizing  seed  collection 
zones  based  on  forest  type  and  site,  which  are  assumed  to  be  the  inte- 
grated expression  of  environmental  influences. 

The  forested  portion  of  the  vegetation  type  map  of  California  pre- 
pared by  the  Forest  Survey  is  used  as  the  first  subdivision  of  the  state 
into  seed  collection  zones.  Within  the  broad  vegetation  classes,  further 
subdivision  is  based  on  coniferous  tree  species  composition,  on  site,  and 
on  latitude.  A  map  of  the  13  seed  collection  zones  described  in  the  fol- 
lowing paragraphs  is  shown  on  plate  1.  A  larger,  more  detailed  map  was 
prepared  for  field  use  in  1945  and  has  been  adopted  by  the  Forest  Service 
in  California. 


2/  Baldwin,  Henry  I.   Forest  tree  seed  of  the  north  temperate  regions. 

240  pp.  Chronica  Botanica  Company,  Waltham,  Mass.  1942. 
3/  McCall,  M.  A.   Forest  tree  seed  policy  of  the  U.  S.  Department  of 

Agriculuure,  Jour.  Forestry  37:  620-821.   1959. 
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The  timber  stand  of  the  east  slope  of  the  Sierra  Nevada  and  of 
the  Columbian  plateau  of  northeastern  California,  consisting  of  ponder- 
osa  pine  and  Jeffrey  pine  with  admixtures  of  Pacific  white  fir  and  Cali- 
fornia incense-cedar,  is  an  obvious  broad  type.   The  site  is  predominantly 
quality  111-125^/  and  lower.   A  latitudinal  division  in  the  vicinity  of 
Lake  Tahoe  creates  two  seed  zones,  which  have  been  called  the  northern 
east-side  Sierra  and  the  southern  east-side  Sierra. 

The  west  slope  of  the  Sierra  Nevada  supports  two  broad  timber  types, 
the  mixed  conifer  and  the  subalpine.   On  the  lower  and  middle  west  slope  of 
the  Sierra  Nevada  and  in  the  southern  extension  of  the  Cascade  Range  the 
timber  stands  are  typically  mixed  conifer,  containing  ponderosa  pine,  sugar 
pine,  Pacific  white  fir,  and  California  incense-cedar,  with  Douglas-fir 
included  in  the  northern  part.   In  the  vicinity  of  the  Mokelumne  River 
Douglas-fir  ceases  to  be  an  important  part  of  the  stand.   The  Mokelumne 
River  serves  to  divide  the  west  slope  into  northern  and  southern  zones. 

A  belt  of  high  site  quality,  A-200  and  1-175,  exists  along  the  lower 
slopes,  ranging  in  elevation  up  to  about  5,000  feet  in  the  southern  Sierra 
Nevada  and  up  to  about  4,000  feet  in  the  northern  Sierra  Nevada.   Above 
this  belt  site  quality  is  usually  11-150,  III-125,  and  IV-100.   The  type 
division  at  the  Mokelumne  River  and  this  additional  division  based  on  site 
delineates  four  zones  which  are  designated:  northern  west-side  Sierra,  high 
site;  northern  west-side  Sierra,  low  site;  southern  west-side  Sierra,  high 
site;  and  southern  west-side  Sierra,  low  site. 

The  upper  slopes  of  the  Sierra  Nevada  support  a  subalpine  forest  in 
which  California  red  fir  and  Jeffrey  pine  are  the  only  commercial  species. 
A  division  of  the  subalpine  type  latitudinally  in  the  vicinity  of  Lake 
Tahoe  forms  two  zones,  the  northern  subalpine,  and  the  southern  subalpine. 

In  southern  California  the  timber  stands  are  confined  to  rather 
small  areas  in  discontinuous  mountain  ranges  and  are  commercially  unim- 
portant.  Separation  on  a  map  on  the  basis  of  type  or  site  is  impractical; 
accordingly,  the  whole  area  has  been  called  the  southern  California  zone. 

The  northern  Coast  Ranges  of  California  support  three  distinguish- 
able forest  types.   The  redwoods  extend  along  the  coast  in  the  fog  belt, 
10  to  30  miles  in  width.   A  break  in  the  type  occurs  at  Cape  Mendocino. 
The   redwood  belt  to  the  north  is  of  relatively  high  site  and  contains  as 
minor  species  Douglas-fir,  western  hemlock,  Sitka  spruce,  grand  fir,  and 
Port  Orford  white  cedar.   South  of  Cape  Mendocino  the  redwood  stands  are 
generally  of  lower  site  and  contain  principally  Douglas-fir  as  a  minor 
species.   On  this  basis  the  region  has  been  separated  into  the  northern 
redwood  and  the  southern  redwood  zones. 


4/  For  a  discussion  of  site  classifications,  see  "A  site  classification 
of  the  mixed-conifer  selection  forests  of  the  Sierra  Nevadai"  by 
Duncan  Dunning.   Research  Note  No.  28.   California  Forest  and  Range 
Experiment  Station.  1942.  (Processed.) 


East  of  the  fog  belt  and  extending  to  lower  elevations  of  the  inner 
Coast  Range  and  of  the  Klamath  Mountains  is  an  area  predominantly  Douglas- 
fir.   The  type,  called  the  Douglas-fir  zone,  breaks  out  to  the  coast  in  the 
Cape  Mendocino  region,  separating  the  redwood  region  as  noted  above. 

Along  the  higher  portions  of  the  inner  Coast  Range  and  of  the  Klamath 
Mountains  and  extending  east  as  far  as  the  upper  Sacramento  River  is  a  belt 
of  mixed  conifer  timber  of  medium  site  which  has  been  designated  as  the 
north  coast  pine  zone.   Some  limited  areas  of  subalpine  type  have  not  been 
excluded  from  this  zone. 

The  zones  thus  established  on  the  basis  of  forest  type  and  site  and 
on  an  arbitrary  latitudinal  division  conform  fairly  well  to  the  areal  and 
altitudinal  limitations  of  the  policy  quoted.   In  practice,  seed  collected 
in  any  zone  would  be  labelled  with  the  zone  number,  and  stock  grown  from 
that  seed  would  be  planted  anywhere  within  that  zone.   The  planting  of 
stock  outside  its  zone,  if  necessary,  should  be  confined  to  zones  most 
similar.   It  is  hoped  that  the  zones  as  proposed  will  effect  a  practical 
application  of  the  theoretically  best  seed  policy  and  will  fulfill  the 
needs  of  nursery  and  planting  administration. 
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SOOTS   OF  FOREST   TREES 

A  selected   list   of   references-/ 
compiled  by       , 
Duncan  Dunning—/ 
California   Forest   and   Range   Experiment    Station— 


Aaltonen,   Vo    To 

On  the    space    arrangement    of  trees    and   root   competition.      Jouro    Forestry 
24:    627-644.    Oct.    1926, 


Ueber    die   Ausbreitung   und    den  Reichtum   der   Baumwurzeln   in   den  Heidewaldern 
Lapplandso      Acta  Forest o    Fenn.    14:    1-55.    1920. 


Ueber  die  naturliche  Verjungung  der  Heidewalder  im  Finnischen  Lappland. 
Inst.  Forest.  Fenniae  Commun.  1:  1-319,  1-56.  1919.  (in  Finnish..  German 
summary  pp.    1-56 )o 


Ueber  die  raumliche  Ordnung  der  Plfanzen  auf  dem  Felde  und  im  Walde^ 
Eine  botanischbodenwissenschaf tliche  Studie .  Acta  Forestc  Fenn.  25: 
l-85c    1923, 

iJber   die    Selbstabscheidung   und   den  Wuchsraum  der   Baume    in  Naturbestanden^ 
Instc    Foresto    Fenno    Commun.    9:    1-20.      1925.:     (in  Finnishc    German   summary 
PDc    18-20) o 

Adams  ,  A.  J.:  S. 

Observations  on  root  fusions  in  Monterey  pinec  Austral:  Forestry  5s 
78-80o  Dec.  1940. 

Adams,  W<.  R.  ,  and  Chapman,  G.  L. 

Competition  influence  on  the  root  systems  of  jack  and  Norway  pines o 
Vto  Agrc  Expt.  Sta.  Bulo  472,  32  p.  Burlington,  1941o 

Adams ,  Wo  R. 

Studies  in  tolerance  of  New  England  forest  trees,   XI o  Influence  of 
soil  temperature  on  germination  and  development  of  white  pine  seedlings,, 
Vt.  Agro  Expto  Stac  Bulo  379,  17  po  Burlington,  1934. 


\/   First  issued  1928.   Reissued  1946  and  1949. 

2/  Grateful  acknowledgement  is  made  for  assistance  from  Laura  0.  Baxter 
and  Anne  Avakian,  former  librarians,  California  Forest  and  Range  Experiment 
Station,  Sonia  Wilderman  Nielsen,  librarian.  Station  WPA  project,  and 
Nellie  G,  Larson,  U.S.D.A.  Library,  San  Francisco  Branch. 

3/  Maintained  by  the  Forest  Service,  U.  S ..  Deoartment  of  Agriculture  at 
Berkeley,,  California,  in  cooperation  with  the  University  of  California  <, 


AddoKiS  ,    Ruth  M. 

Entrance    of  water  Into  suberized   roots    of  treeso      Plant   Physiolo    2'J  s 
J09-iiJ,    Jan.    1946, 

Afanas^iev.   Michei 

Efff'ct   of   indolebutyric    acid   on   rooting   of    greenwood  cuttings    of    some 
deciduous    forest  trees,      Jouro    Forestry  3  75    37-41 o    Jan o    1939o 

Albert^^  R. 

Ungunstiger   Einflu.sz   einer    zu   groszen  StarrimzahJ    auf   den  Wasserhaushalt 
geringer  Kief ernboden.      Ztschro    f.    Forst  Uo    Jagdwo    47s    241-248,    Aprc    1915, 

Aldaba.    V,    Co 

On  the    growth    of    coeoanut    roots,      Philippine    Jouro    Agr o    3s    59-65o    1932^ 

Aldrich-Blake „    Re    N. 

The    plasticity   of   the    root    system  of  Corsican  pine    in  early   lifen      Oxford 
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The    root-system   of   the    sugar-cane c      I,    Methods »      Empire    Jour,    Expt ,    Agr. 
3:    351-362.       Oct.    1935, 

Fabric ius ,  L, 

Der  einfluss  des  Wurze Iwettbewerbs  des  schirmstandes  auf  die  entwickelung 
des  Jungwuchses.   Forstwiss .Centbl o  49:  329-345,   May  15,  1927, 


Neuere  Versuchsergebnisse  zur  Frage  des  Wurze Iwettbewerbs  und  der  Schat- 
tenfestigkeit  der  Holzarten^   Internat,  Congo  of  Forestry  Expt..  Sta,, 
Stockholm,  1929,  Proc , ;  370-380,   1930, 


New  experiments  to  determine  the  influence  of  root  competition  and  light 
cf  the  shelterwood  upon  regenerationo   Tr,  from  the  German  by  A.  H,  Krappe, 
30  p.   Typewritten,   Washington,  U.  S.  Forest  Service,  1935,,   (Tr,  from 
Forstwiss,  Centbl,  73s  477-506,   1929), 

Farr,  G,  H, 

The  formation  of  root  hairs  in  water,   Iowa  Acad,  Scio  Proc o  32:  157- 
165,   1925. 
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Fan  ,    C      H. 

Root   hairs    and   growth.      Quart.    Rev.    Bioi.    3:    343-376        Sept      1928. 


Studies    on  the    growth   of    root   hairs    in  solutions.      Parts    I-VI^ 
Amer      Jour,     Bot.    14:    446-456|    497-515;    553-564.      Oct. -Deo.    1927. 
15i    6-3j  ;    i03-Jj3;    171-178.      Jan    -Mar..    1928.      Part    V   is:      Root- 
hair   elongation   as    an   index   of    root   development. 


Studies    on  the    growth    of    root   hairs    in   solutions.      Parts    VII-VIII, 
Torrey  Bot      Club    Bui.    55:    223-246,    529-553.      May,    Dec.    1928. 


Studies    on  the    grov/th   of    root   hairs    in   solutions.      IX.    The    pH-molar- 
rate    relation   for    collards    in  oalcium  nitrate.      Mo.    Bot.    Gard.    Ann. 
16s    53-82,,       1929. 

Farrar,  Jo  L. 

Rooting  of  Norway  sDruce  cuttings.   Forestry  Chron.  15:  152-163. 
Sept,  1939. 

Farrx.^  ,  N   F„ 

Rjot  habits  of  certain  crop  plants  as  observed  in  the  humid  soils 
of  New  jersey.   Soil  Sci.  38:  87-ill.   Aug.  l934,. 

FexTant,  N  Ao ,  Jr,,  and  Sprague  ,  H.  B 

Effe.jb  of  treating  different  horizons  of  sassafr-as  loam  on  r'oot 
development  of  red  ciovero   Soil  Sci.  50:  14J-161.   Aug.  1940„ 

F lander,  A. 

Beeinf  lussung    dei'  Wurze  Ibil  dung   und  Wuchsenergie    der   Fichtl    durch 
Ewischenbau   von  perennierender   Lupine.      Allgo    Forst   u      Jagd   Ztg. 
68:    367-370        Nov.:     1912. 

Flu;  y  ,  PhilipD. 

Root  grafting    Schweiz.  Ztschr,  f„  Forstw.  3-4:  37-4.i  .   19j9. 
^Reviewed  in  Jour   Forestry  17:  872-873.   Nov,  1919). 

Forbes ,  R„  D. 

The  root-s  of  trees    Amer,  Forests  and  Forest  Life  31:  201-204,  234, 
236  c,   April  1925. 

FOWfc  -L  XS  ,   H  -   A,: 

The   effeot   of    certain    gz'ovrth   substances    on   root-pruned   ponderosa 
Dine    seedlings.       Jour,    Forestry  41:    685-686        Sept.    1943. 

Freidenfext,  Teodor 

Studien  ueber  die  Wurzein  krautiger  Pflanzen    I.  Ueber  die  Form- 
biidung  der  Wurzel  vom  biologischen  Gesichtspunkte .   Flora  91:  115- 
187 o   1902 
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FreidenfeH. ,    Teodor. 

Studien  ueber   die  Wurzeln  krautiger   Pflanzen,      lie    Der'    ariatomisohe 
Bau    der  Wurzel    in   seinem  Zusairanenhange   mit   dem  Wassergehalt   des    BodenSo 
Bibiiotho    Hot,    I2(61)s    l    ;l8o      1904.      Also   published   as    a   seuarate, 
118   Pc      Stuttgario    Naegele,    1904o 

Fr  Icke    Bentniiz  ,   K  .^ 

"Licht-   und    S'-hattenholzar+.en  - "   ein  wissensuhaft  lich  nicht   begrundetes 
doguiac      Centblc    f«    das    Gesarric    Forstwo    30(8&9):   315-325,      1904^ 

Gail,    Fo   W.  ,    and    Long,   E»    Mo 

A   study   of   site,    root   development ,    and  transpiration   in   relation  to   the 
distribution   of    Pinus    contortan      Ecology   16s    88-100.      Jan,    1935, 

Galligar,  Gc  C, 

Correlation  between  grovrth  of  excised  root  tips  and  types  of  food 
stored  in  the  seed.   Plant  Physiol.  13s  599-609,   July  1938. 

Gardeners'  Chronicle. 

Stimulation  of  root  formation.,   (Summar'y  of  discussion),   Gardo  Chrono 
1032  93-94.   Feb.  5,  1938, 

Gar  in.,  G,-,  Ic 

Distribution  of  roots  of  certain  tree  species  in  two  Connecticut  soils. 
Conn=  Agro  Expt„  Sta,,  Bui.  454,  pp.  97-167,   New  Haven,  1942. 

Ga vrilova ,    L.    G„ 

Influence    de    la  temperature    sur   I'absorption   de    I'eau  par    les    racines 
des    pj-antes    .super  ieures .      Akad,-,    Nauko    Bote    Sado    Izvo    25(2  )s    177-196. 
l926o       (in   Russian.      Fren^jh   summary)  „ 

Gebhardt  ,   Ao    G. 

Di^    abhangigkeit    der  wurzelsaugkraf  1,    der   pflanzen    von  den   bedingungen 
de -    bodens    und   der  vegetativen  entwickelung,      Akadc    Nauko    S.S.S.S.    Bot 
Ixisbc      Trudy   ser.    4,    vol.    Is    241-256.       ±934.       (In   Russian^      German 
sunmary )  - 


Dependence    of   ab-^orbing  capacity    of    the    r'oot   system  upon  edaphic    condi- 
tion--   and   plant   development  o      Aicad^    Nauko    S.S.S.So    Boto    Insto      Trudy  ser , 
4j    volo    Is    241-256«      1934s.       (in   Russian.     Gerii-^n  summary). 

Gemmer,.  E„  Wo 

Facts  about  the  root  system  of  a  longleaf  pineo   Scio  Monthly  27s  384o 
Octo  1928. 

Glover,  Jc 

The  root-system  of  Agave  sisalana  in  certain  East  African  soils.   Empire 
Jouro  Exptc  Agrc  7;  11-20.   Jan^  1939, 

Goebel,  Ko  E., 

Organographie  der  Pflanzeno   3d  edo   Jena,  G.  Fischer,  1928o   3  volso 

Goe  t.he 

Untersuchungen  uber   das   wur'ze  1-wachstum  der   obstbaume »      Deut»    Landw.    GeselL| 
Jahrbo    2  5s    61- ^'2  o      19l0o 
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Goethe „    Rudolf 

ti 

Die  Wurzelbildung  von  Obs tbauinen  an  Strassen..  Geisenheimer  Mitto  u. 
Obst  Gartenbauc,  20:  145-150.  1905-  (Verified  in  Internat,.  Cat,  of 
Sol.  Lit,  Bot ,  5;  136.   1908). 

Goff,-,  E   S. 

The    resumption   of    root    growth   in   spring.      Wis-    Agr .    Expt.    Sta.    Rpt. 
15:    220'^?.28.      1898o      17i    291-294,       j900. 


A   study   of   the    roots    of    certain  perennial    plants ,      Wis.    Agr,.-.    Expt,- 
Sta,     Rpt.      J4:    286-298.       i897. 

Goodyear,    Hai   E. 

The    exDosure   meter   as    a    root-measuring   device.      Jour.    Forestry  42: 
765o      Octo    J  944. 

Goo.^  -ens  5  A.  P 

Notes  on  the  anatomy  of  grass  roots    Roy,  Soc  .  So,  Africa-   Trans-, 
23s  1-21,   i935o 

Gove  rts  ,  Wi  ihe Im 

Stelzenbaumeo   Deut-,  Dendrolo  Gesell.   Mitt.  29;  318-320. 

Gr'ace  „  N-  He,  and  others 

Vegetative  T?ropagation  of  conifers,   Pts .  I-X.   Canad   Jour.  Res- 
Secto  C  17i  178'  180;  3i2~3i6j  376-379,   1939,   i8:  13-17,  122-128; 
401-4i45  566'  577;  591~598o   1940,   19:  257-266;  39J~399.   1941, 

Ft   I ,_  Rooting  of  cuttings  taken  from  the  upper  and  lo-vver  regions  of 
a  Norway  spruce  tree.   II,  Effects  of  nutrient  solution  and  phyto- 
hormone  dusts  on  the  rooting  of  Norway  snruce  cuttings.   IIIc,  Effect 
of  month  of  collection  on  the  rooting  of  dormant  Norway  sprui^e  i-uttings. 
IV.  Effects  of  cane  sugar,  ethyl  mercuric  phosphate,  and  indoiyiacet ic 
acid  in  talc  dust  on  the  rooting  of  Norway  spruce,   V,  The  effei:t  of 
indoiylacetic  ai^id  and  nutrient  solutions  on  the  rooting  of  Norway 
spruce  cuttings.   VI,  Hormone  solution  and  dust  treatments  of  spr'uce 
cuttings  propagated  in  greenhouse  and  outside  frames,   VII ,.,   Qutdooj' 
oropagation  of  a  November  collection  of  Norway  spru-'-e  cuttings  treated 
with  phytohormones ,  cane  sugar,  and  an  organic  mercurial  disinfectant. 
VIII c  Effects  of  media  and  ohytohormone  dust  treatments  on  the  rooting 
of  Norway  spruce  cuttings,   IX,  Effects  of  chemi'-'-al  treatments  and  a 
wax  spray  on  the  outdoor  propagation  of  soruce  cuttings,   Xr  Effects 
of  season  of  collection  and  propagation  media  on  the  rooting  of  Norway 
spruce  cuttings. 

Gravis „  A^ 

Contribution  a  i 'etude  anatomique  du  raccourcissement  des  ra'-'ines 
Brussels  Acado  Roy,  de  Belg,  Bui,  de  Cl,  des  Sci.  12:  48-69,   J926, 

Griffith,  B,.  G. 

Effect  of  indo  lebutyric  acid,  indoleacetio  acid,  and  alnha  naphtha  ie.tir;- 
acetic  acid  on  rooting  of  cuttings  of  Douglas  fir  and  Sitka  spruce. 
Jour,.  Forestry  38:  496-50].   June  1940. 
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Groom,  Percy 

Remarks  on  the  oecology  of  Coxiiferae^   Anno  Boto  (London)  24«  241-269,, 
Apro  19i0o 

Grossenbache  r ,,  J^  G, 

The  Deriodioity  and  distribution  of  radial  growth  in  trees  and  their 
relation  to  the  development  of  "annual  rings.."  Wis,  Acad,  Sci.,  Transo 
18i  1-77.   1915. 

Groth,  Q. 

Die  Wurzelbildung  der  Douglasie  und  ihr  Einfluss  auf  die  Sturm-  und 
Sohneefestigkeit  dieser  Holzart,   Allgc.  Forst  u.  Jagd  Ztgo  103;  186- 
205|  268-285,   May,  July  1927, 

Gte  Brit,   Forestry  Comn,,  Bui.  No.  13 o 

Studies  on  tree  roots ^   73  pp*   17  pi,   1932, 

Gulbe ,  L^  Ao 

fiber  die  periodisohe  Aotivitat  des  Cambiums  in  den  Wurzein  unserer  Baume. 
Obshcho  Estest.  St.  Petersburg.  Trudy  18:  45.   1887,   (Abs ,  in  Bot „  CentU 
38s  487,   1889). 

Gursky,   Ao    V, 

The    root    system   of   Fraxinus    excelsior   L. ,    Ee    Pennsylvania   Mars  -h. ,    and 
Acer   negundo   L<     on   the   black    soils    of   Kuban,,      Trudy   Pr'ikio    Bot.,    Genets 
i   Selek.       (Bulc   AppK    Bot .    Genet.,    and   Plant    Breeding)    21(3);    145-183. 
1929  5.       (in   Russian^      English   summary  pp,,    182-183)  ^ 


Root    .-.ystems    of  tree    species    in   steppe    and   desert   soils  o      Tr,,    from  the 
"Russian  by  Co    S,    Beliavskyo      7   p.,      Typewrittenc      Washinp-'ton ,   It,    Sc    Forest 
Serv.c    1940.,       (Tr  ,    froms    Lenin  Acad.    Agr  „    Sci.    of   U.S,S,R.    Pro:;.,,    5/6: 
45-49,:,      1939). 

Haasi^  ,    Fo  Wa 

Re.ation  between   soiJ    type    and    root   form  of   western  yellow  pine    seedlings 
Ecoxogy   2s    292-303s      Octo    i921, 

Haber-landt,    G.    F.    J. 

Phy-.-;iological   plant   anatomy..      Trans  o    from  the   4th   German  edo    by  Mo  Drummor 
777   p„      London^    Macmillanj    19i4o 

Hagberg,  N, 

Matning  av  rotans vallningen  hos  tall  och  grans   (Measurement  of  the  root 
swelling  in  pine  and  spruce.)   Svenska  Skogsvardsf or .  Tidskr^  43s  409-422 
1945.  (Abs.  in  Forestry  Abs ,  7:  361.   1946) 

Hamme  rle ,    J. 

Ueber   die    periodizitat    des   Wurze  Iwachs turns   bei   i>cer   psuedoplatanus  o      Filnf- 
stuck's    BciT^rage    zur    "Wiss,    Bot.    4„    Abtlg.  2  s    149-i65.,      190j  o       (Verified 
in   Internato    Gat^    Scic    Lit  s,    Boto    is    70o      i902)o 

Hanley,    J.,   H^ 

Growth-regulating    substances    in  forest    research   and   practiije^     Ifasho    Unlv 
Forest   Club    Quart.:    i3s    5-9.      Winter    1939-40o 
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Hardy  ,   E.    A„ 

TlJlage    in   relation  to   weed    root    systems,      Agro   Engin.     19:    435-438^ 
Oct.    1938. 

Harris ,    G     H. 

Advanced    lesson   on   tree    roots,-       Better   Fruit    22:    i3-14,    22-23;    iS-li 
Oct.    Nov.    1927, 


Tnr-    influence    of  top    on   root    as    determined  by   rooi.    respiration   of   young 
fruit   t.reebo      Amer.     Soc    Hort,     Sci.    (l929)    26:    329-334         i930c 


An   investigation   of    root   activity  of    aDple    and   filberts,    esoecial^y 
during   the   winter  months.      Sii.    Agr^    7:    92-99c      Nov,,    1926. 


Studies    on  tree    root    activities.,-     Parts    1-3.      Sci,    Agr»    9:    553-565c 
May    j929,    iOs    564    585,       May   1930;    11;    191-199.       Dec,     l930c 

Haj'';ig„    The  odor'  ' 

Luft",    Boderr-    und   Pf lanzenkunde    in   ihrer  Anwendung  auf  Forstwirt.schafXc 

J    Bdo      Ge-jrg   Ludwig  Hartigs      Lehrbuch   fui-   Forster-  9   Anf:,.      lop  <>    334, 
lliusc      Stuttgart   und    Tubingerio       j.851o 


Anatomie    und   physiologic    der  hoi zpf lanzenc       412   Pc      Berlin,    J„    Springer 
1878, 


Ueber   di^    Zeit    des    Zuwa''-hses    der    Baumwerze  In.       Bot^    Ztg.    21:    288-289< 
1863. 


Voilstandige   Naturgeschichte    der   forstlichen   Kulturpf lanzen   Deu^s  -hjands. 
580  Po      Berlins    Ao    Forstner-.-^c?ie    verlagsbuchhandlungc       1851  c 

Hartley,    C      Po 

Relation  between  soil   acidity  and    root   diseases    of   forest   trees  c      Fort^st 
Worker    6:    15        Sept.    i930. 

Hartsema,   A,-    M. 

Beii.rag    zur    Analyse    der  Wur  zelbi  i  dung   an  Veronica   becoabunga    und    anderen 
Sumpf gewachsen.      Flora    (Jena)    i23.       (n„fo    23)  s    l-20o      1928.-, 

Hatch.-    A,;    B,,    and   Doak  ,    K.    D. 

Mycorrhizal    and   other   features    of   the    root    systems    of  Pinus        Arnold 
Arboretum  Jour,    14:    85-99,,      Jane    1933, 

Hatton,    Ro    G,  ,    and  Amos,    Jo 

Experiments    upon  the    removal    of    lateral   growths    on   young   appjV    trees    ±n 
summer,    the    effe  ;t    on   stem  and    root,    de  ve  ]  opment  o      Jour,     Pomo.i  <,    aixd  Hurtio 
Sci      6:    61-71o      Feb,    1927, 
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Hauoh,,    L.    A, 

Zur  Variation  des  Wachstums  bei  unseren  Ylaldb^'umen  mit  besonderer  Beruck- 
aichtigung  des  sogenannten  Ausbreitungsvermogens .  Porstwiss.  Centbl.  32: 
565-578.      Nov.-  1910. 

Hayden,  Ada 

Ecologic  subterranean  anatomy  of  some  plants  of  a  orairie  province  in 
central  Iowa.   Amer.  Jour.  Bot.  6:  87-105.   Mar.  1919. 

Hei;^inheimo ,  Olli 

IJeber  die  Bestimmung  des  Alters  der  Fiohte  und  ihre  Odventivwurze  In. 

Insto  Forest.   Fenniae  Commun.  2:  1-J02,  1-]1.   1920.   (In  Finnish.  German' 

summary.  Dp.  1-11). 

Hnlnicke ,  A.  J, 

Some  relations  between  circumference  and  weight,  and  between  root  and  top 
growth  of  young  apple  trees.  Amer.  Soo .  Hort.  Sci.  Proc .  (1921)  185  222- 
227,   1922. 

Henderson,  L. 

Relation  between  root  respiration  and  absorption.  Plant  ^hysiol.  9:  283- 
300.   April  1934. 

Hendrickson,  A.  H. ,  and  Veihmeyer,  F.  J. 

Influence  of  dry  soil  on  root  extension.   Plant  Physiol.  6s  567-5766,   July 
193:1  , 

Hertz,  Martti 

Kuusen  iurriston  ensi  kehityksesta.  (The  initial  development  of  the  root 
system  of  the  spruce).  Acta  Forest.  Fenn.  41:  1-48.  1935.  (In  Finnisho 
German  summary,  p.  45-48). 

He .se link,   Eo 

Root   studies   with  the    Scotch    and  Austrian  pines.       (Trans,    title)       (Dutch 
East    Indies)      Ri jksboschbouwproef sta .      Meded.    2(3):    187-278.      1926. 
(German   summary, pp.    241-249)       (Abs .    InExpt.    Sta.    Rec .    56:    744.      June    1927) 

Hesseiman,   H, 

Studien  uber    die   Entwicklung    der   Nadelbaumpf lanze    in   Rohhumus.      1.      Die 
Bedeutung   der   Stickstoffmobilisierung   in   der    Rohhumusdecke    fi!lr    die   erste 
Entwicklung   der  Kiefern-   und   Fichten-pf lanze ,      Sweden.      Statens    SkogsfBr- 
soksanst,      Meddel,    23:    335-432.       1926-1927.       (in   Svredish.      German   summary, 
ppo    412-432). 

H-ybey,  R. 

Zur  frage  von  vnarzelsystem  und  leitungsbahnen  der  fichte.   Tharandter 
Forstl.   Jahrb.  88:  305-336.   1937. 

Heyward,  Frank 

The  root  system  of  longleaf  pine  on  the  deep  sands  of  western  Florida^ 
E'-.ology  14:  136-148.   April  1933. 

Hi^f,  H.  H. 

Wurzelstudien  an  waldbaumen.  Die  wurze lausbreitung  und  ihre  waldbauJiche 
bedeutung,   ]2i  pp.   Hannover,  M.  &  H.  Schaper,  192'/. 
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Hi]itzer<,   A, 

Ueber    den  Einfiuss    der  Humusstoffe    auf    das   TTurze  iwaohstum.       Bote 
Gentibo    Beihefte      49;:    467-495        April    i932„ 

Hitchcock,   A,    Eo 

Effect,    of    peat   moss    and   sand   on   x"ooting    response    of    cuttings  c      Bot . 

Gazo    86:    12I-148_       Oct.    1928c      Renrinted    in   Boyoe    Thompson   Inst.    Contrib, 

is    439-466d      1928. 

,    and   Zimmerman,    P.    Wo 


Hoot-inducing   activity   of   phenoxy   compounds    in   relation   to   their    struc;- 
ture,       Boyce    Thompson   Inst.    Contrib.    12:    497-507.      Oct. -Deo  o    1942,, 


Root 'inducing   substances „      Florists    Excho    91:    11 »      Dec.    24,    1938. 


Variation   in   rooting   response    of   cuttings    placed    Im  media    in   different 
Pjl  value,       Amer,     So>io    Hort.    Pro>3.    (1926)    23:    383-390        J927, 


Methods    of   rating   the    root -inducing   activity   of    phenoxy  acids    and    other 
growth   substances,      Boyce    Thompson   Instn    Contrib.    14;    21-38-       1945. 
(Abs,     in   Forestry  Abstracts    7:    2  69o       i946). 

Hoaglando    D,    R,  ^    and    Broyer,    T'o    C„ 

Hydrogen-ioxi  effects    and   the   accumulation   of  salt   by  barley  roots    as 
influen'-ed   by   metabolismo      Amer.;    Jour.-,    Bot.     27:    173-  185c      Mar,     j940c 

Hodgson,   A,    H. 

The    whimsiisl    root   habits    of  western  hemJocko      Amero    Forests    and   Fore--;t 
Life    33s    541-543,       Septo    192V„ 

Hohn ,   KTar  J 

Die    Bedeutung  der  ffurzelhaare    fur   di?-  Wasse  raufnahme    der   pfjanzenc 
Ztsohro    fo    Bote    27s    529--564,-,      Nov,    27,    J934,:, 

Hol.^h,  A„  E,. 

Development  of  roots  and  shoots  of  ^^ertain  deciduous  tree  seed  j  j  xxg--.  i;n 
different  forest  sites  „   Ecology  12;  259-298,-,   April  J93j. 

„  and  others 


Root  habits  of  certain  p'Jants  of  the  foothill  and  alpine  belts  of 
Rocky  Mountain  National  Park.   By  Ac  H.  Holch,  Eo  Wo  Hertex,  Wo  0,  Danes 

and  He,  H,  Whitwell.   Ecol,  Monog.  lis  32/-345o   July  194.. 

Holm,  To 

On  the  development  of  bud:-;  upon  roots  and  leaves  ^   Anru  Bot,  (London) 
39:  867-881,   O-^t,  1925. 

Holman,  R.  Mo 

Influence    of   the    medium  upon  the    orientation   of    secondary  terrestr']ai 
rootRc      Amero    Jour ,_    Bote    3;    407-4i4o      Octo    19a6. 
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TREES  IN  THE  EDDY  ARBORETUM,- 
Institute  of  Forest  Genetics,  Placerville,  California 


R  H.  Weidman,  Silvioulturist 

This  list  of  trees  in  the  Eaay  Arboretum  has  been  prepared  to  meet  the 
requests  of  visitors  and  corresponaents.   It  includes  species,  vari.tic,  ana 
hybrids,  their  scientific  and  common  names,  their  native  ranges,  ajid  the  number 
of  specimens. 

In  addition  to  a  small  num:ber  of  miscellaneous  trees,  the  Eddy  Arboretum 
contains  what  is  probably  the  most  complete  collection  of  pines  to  be  found  any- 
where.  The  arboretum  and  its  contiguous  test  plantations  provide  a  study  area  for 
pine-breeoing  research  of  the  Institute  of  Forest  Genetics.   Some  10,000  planted 
trees  occupy  40  acres.   Arboretum  trees,  mostly  18  to  20  years  old  in  1947,  are 
between  30  ajid  '70  feet  tall.   The  hybrids  and  progen^^  test  trees  are  younger. 
There  are  '70   species,  22  varieties,  ana  26  hybrids  of  the  genus  Pinus.      Since  re- 
search is  restricted  to  pines,  there  has  been  no  systematic  planting  of  other 
conifers. 

Deep  clay-loam  soil ' and  mild  climate  combine  to  permit  growing  the  wide 
range  of  pine  species.   The  arboretum,  at  2,  '700  feet  elevation,  is  well  above  the 
hot  central  valley  of  California,  but  below  the  colder  zones  of  the  Sierra  Nevada. 
Precipitation  is  42  inches,  all  of  which  falls  from  October  to  May.   Maximum  tenv- 
peratures  rarely  exceed  100  deg.  P.   Winter  minimums  are  usually  near  20  deg.  F.  , 
but  12  degrees  was  recorded  in  1937  and  I6  degrees  in  1932.   Light  winter  snovjfall 
usually  melts  in  less  than  a  week;  one  unusual  storm  in  22  years  deposited  36 
inches  of  snow,  another  depositee  16  inches. 


1/  Named  in  honor  of  James  G.  Eddy,  who  founded  the  Institute  of 
Forest  Genetics  in  1925. 


*  MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 


Pines  cultured  in  the  Eddy  Arboretum,  1947 


Scienti:':  io  and  coiDmon  name 


Native  range 


Number  of 
trees 


Pinus: 

albicaulis  En^elm. 
whitebark  pine 

aristata  Engelm. 
bristlecone  pine 

arisonica  Engelm. 
Arizona  pine 

Arniandi  Pranch. 
Armand  pine 

attenuata  Lemm. 
knob cone  pine 

ayacahuite  Ehren. 
Mexican  white  pine 

Balfouriana  Grev.    &  Balf. 
foxtail  pine 

Bank  si  ana  Lamb, 
jack  pine 

Bung  e  ana  Zucc 
lacebark  pine 

caiKiriensis  C    Smith 
Canary  Island  pine 

caribaea  Morelet 
slash  pine 

cernbra  L. 

Svjiss  stone  pine 

cembroides  Zucc. 
Mexican  pinyon 

clausa  (EiiiTelm.  ^  Vasey 
sand  pine 

contorta  Eougl. 

shore  pine 
contorta  var.     lati folia  Engelm. 

lodgepole  pine 
contorta  var.    Bolanderi  Vasey 

Bolander  pine 

Coulter i  D.  Don 
Coulter  pine 

densi flora  Sieb.    I-  Zucc. 

Japanese  red  pine 
durangensis  Martinez 

Durango  pine 

echinata     Mill- 
shortleaf  pine 

edulis  Engelm. 
pinyon 


W.    North  America 

S.    W.    United  States 

Arizona 

China 

California 

Mexico 

California 

E.    North  America 

China 

Canary  Islands 

Gulf  of  Mexico  Region 

Gen.    Europe  to  N.    Asia 

Mexico 

S.  E.  United  States 

V'J.  North  Ameri'  a. 

W.  North  America 

W.  North  America 

California 

Japan 

Mexico 

R.  E.  United  States 

S.    W.    United  States 


1 

1 

23 

4 

61 
4 
2 

16 

6 

29 

92 

2/  9 
7 

4 
4 

52 
4 

84 

?1 

2 

181 

5 


2/  Ihese  trees  are  in  propagation  in  gallon  cans. 
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Pines  csiltixrea  in  the  Ead^    Arboretum,    ig^^J— continued 


Scientific  and  coimion  njure 


Native  ran'e 


Nuirber  oi 
trees 


excelsa  V.'all. 
Himalayan  pine 

fl exi  lis  James 
limber  pine 

Gerardiana  Wall. 
Gerara  piine 

glabra  Walt, 
spruce  pine 

Greggii  Elngelm. 
C-ir-e^  pine 

halepensis  Mill. 
Aleppo  pine 

halepensis  var.  hrutia  Elw.    &.  Kenry 
erect  cone  Aleppo  pine 

insular  is  Endl. 
Luzon  pine 

Jejjreyi  Grev.    and  felf. 
Jeffrey  pine 

koraiensis  Siet.    and  Zucc. 
Korean,  pine 

Lambert i ana  Dougl. 
su'_;ar-  pine 

lati folia  Sarg. 
Apache  pine 

leiophylla  Schl.    ana  C!ham. 
smooth  leal'  pine 

leucoderniis  Antoine 
gr-aj^ark  pine 

lon^i folic  i oxburgh 
cnir  pine 

luchuensi  s  Mayr 
Luchu  pine 

Lui;.J oltEii  rob.    a-nd  Fern. 
Lui'rol+z  pine 

kassomuha  Lamb. 
Mas son  pine 

ThOnopnylla  Torr.    -j   Frem. 
singieleaf  pdnyon 

niontana  Mill 

Swiss  mountain  pine 

montana  var.    Mughus  Willk. 
Mugho  pine 

montana  var.    pxmilio  Willk. 
shrubby  Sv«iss  pine  •_-'- 

montana  var.    u?icinata  Willk. 
tree  Sv.iss  pine 

Viontana  var.    ^allica 
French  m.ounLain  pine 


Inaia 

W.  North  America 

India 

S.  E.  United  States 

Mexico 

Mediterranean  Region 
Mediterranean  Region 
Purm.a  to  Philippines 
California 
Isi.  E.  Asia 
Calirornia 

Ar-izona.  and  N.  Mexico 
J\'.exico 
Ealkan  Mts. 
India 

Ryuliyu  I  si  anas 
k exi CO 
China 

S.  W.  Unitea  States 
Central  Eur-ope 
Central  Europe 
Central  Europe 
Central  Europe 
■Central  Europe 


6 

4 

13 

8 
26 

1 

373 

1 

184 

15 
36 


3/  ID 

1 

9 

3 

15 

12 

2 

10 

3 


2/  Identity  of  these  trees  is  in  doubt.   Fifteen  Luchu  pines  from  seed 
collect ea  on  Okinawa  Island  in  1?45  are  now  in  propagation  in  gallon  cans. 
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Pines  cultured  in  the  Bddj'  Arboretum,    1947— continued 


Sclent  iiic  ana  coiimon  nfMiie 


Native  ran re 


Iiuiriber  of 
trees 


i.ontezu:..Qe  Jjairi:. 
Montezuma  pine 

Montezumae  var.    Hartwe^ii  I[^?;,elm. 

Montezuma  pine 
Montezunae  var.    rudis  Shaw 

Montezuii'ia  pine 

vionticola  Dou^l. 
western  white  pine 

muricata  D.    Don 
Id  shop  pine 

hielsonii   Shaw 

Kelson  pine 
ni^ra  var.    austriaca  Asch.    -i-  Graeb. 

Austrian  pine 

niora  var.    calabrica  Schneia 

?!orsican  pine 
ni^ra  var.    cebennensis  Rehder 

bevennes  pine 
ni'^-ra  var.    vnuretanica  Mair  (?  Peyer 

Mgerian  pine 
niora  var.    'l>allasiana  Asch.    -:   >;i"aeb. 

Q^imean  pine 

oocarpa  Schiede 
egj^cone  pine 

palustris  Mill, 
longleaf  pine 

patula  Sohl.    ana  Cham. 
Mexican  weeping  pme 

puece  ''-riseb. 
Maceaonian  pine 

pinaater  Ait. 

mar'itiir.e  pine 
pinaster  var.    ^i^untec. 

maritime  pine 
pinaster  var.,  hav:ilto7iii   'Vora. 

m.aritime  pine 

Pinceanc  "ora. 
Pinoeana  pine 

pinea  L. 

Italian  stone  pme 

ponderosa  Lavis.  ^/ 

ponderosa  pine 
ponderosa  var.    scopulorvx   Ent>elm. 

Rocky  Mountain  ponaerosa  pine 

p seudo strobus  Lindl. 
Nicara^^ua  pine 

puncens  Lamb. 

lable  Mountain  pme 

quadri folia  Pari. 
Parry  pinyon 


K'exico 

Mexico 

■  -exico 

\'u    Kortlri  America 

Calitornia 

Mexico 

Meaiterranean  Kec^ion 

Meaiterranean  Region 

Mediterrcnean  Pte^^ion 

Mediteri  -:  near.  Kegion 

K.eaiterraJie&xi  f  er^ion 

Mexico 

S.    E.    Unitea  States 

Mexico 

:&lkfn  Kts. 

Mediterranean  Kef^ion 

Meaiterranean  ..egion 

KleCxitei-ranean  i.er^ion 

Mexico 

Meaiterranean  Region 
Vi.  North  Airier  ica 

Pocky  Mountains 
Mexico  to  Nicaragua 
E.  Unitea  States 
California 


4/  ^ese  trees  are  in  propagation  in  gallon  cans.  source-  from 

i/  Ze  ponaerosa  trees  xnclude  representatives  irom  more  than  fq  source. 
Colibia  to  Mexico  and  from  South  Dakota  to  the  Pecif  xc  toast. 


'10 

18 

2 

74 

23 

4/  2 

20 

29 
4 

6 

4 

13 
•79 
26 
2 
20 

7 

4 
1 

13 

990 

238 

7 

IS 

7 

"i-ritish 


_/u 


Fines  cultur-ed  in  the  Eddj^  Arboretum,    194*7 — continued 


Ssientific  and  common  name 


Native  ranae 


Number  o\ 
trees 


radiata  D.    Don 
Monterey  pine 

radiata  var.    binata  Lamm. 
Monterey  pine 

r  en  JO  rat  a  Mason 
Santa  Cr-uz  pine 

resinosa  Ait. 
rea  pane 

ri^ida  Mill. 
pitch  pine 

rigida  ver.    serotina    (l.icl.z.  )  Loud. 
pond  pine 

Sabiniana  Dou;^l. 
Di£^er  pine 

strobus  L. 

eastern  white  pine 

sylvestris  L. 
Scotch  pine 

sylvestris  var.  argent ea   Steven 
silver  Scotch  pine 

sylvestris   var.  lapponica   Bries 
Lapland  pine 

sylvestris   var.  rigensis  Loud. 
Ei^a  pine 

sylvestris   v&j-.  scotic   r-eise. 
Highlanas  pine 

tabulaefonuis   Carr.  (sinensis   Mayr) 
Chinese  pine 

taeda  L. 

loblolly  pine 

taeixanensis  rayata 
lormosa  pine 

teocote  Schl.    ana  Ctiam. 
Aztec  pine 

Thunbergii  Pari. 

Japanese  black  pine 

Torreyana  Parry 
lorrey  pine 

virginiana  Mill. 
Virginia  pine 

izaslioensis  Mason  I-  Stockvvell 
V^ashoe  pine 

yunnanensis  Franch. 
Yunnan  pine 


GeJ-ifornia 

Gal  if  ornia. 

Gal  if 'crnia 

E.    North  America 

E.    North  America 

S.    E.    United  States 

California, 

E.    North  Anierica 

North  Eux'ope  ana  Asia 

Caucasus  Mountains 

Scanainavia 

Laltic  Pe^ion 

Scotland 

a.ina 

S.    E.    Unitea  St  ate  s 

Formosa 

Mexico 

Japan 

California 

S.    E.    United  States 

Nevada 

China 


t/  Ihese  trees  are  in  propagation  in  gallon  cans. 
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2 

15 
17 

66 
12 

11 

52 

61 

4 

3 
10 

6/    22 

26 

144 
8 
1 
ID 
24 
3 
9 
1 


Hjl-ricB  culturea  in  the  Eoc^v  Ar-tor-etuir,    lO.i'/^/ 


''oientific  naae 


n-l  e     Oi' 

trees 


JT  attenuradiata   Stockv.-ell  and  Ri^hter 
( attenuata  x  radiata) 

attenuata  x  (attenuata  x  radiata) 

(attenuata  x  raciatc)  .\  (attenuata  x  radiata) 

(attenuata  x  radiata)  x  attenuata 

(attenuata  x  radiata)  x  radiata 

arizonica  x  ponderosa 

carilaea  x  taeda 

cohiortu   var-.    latifolia  x  hanksiana 

echincta  x  carikaea 

ec'fiiiiata  x  ri^ica 

echiiiata  x  taeda 

Jejjreyi   x  Coulteri    (ne.tui-bl  i.ybrid) 

Jej'frcyi  x  ( Jeffrey i  x  Coulteri) 

Jeffreyi  x  ponderosa 

ihont icola  x   excel sa 

luonticola  x  strobus 

palustris  x  caribaea 

ponderosa  x  Jeffreyi 

poncierosc  x  latifolia 

ponaerosa  x  ponderosa  var.    scopulorum 

rigida  x  taeda 

X  Sondereggeri  ?I.    li.    Chspman 

(n&tural  hybrid  tccdM  x  palustris) 

strobus  X  excel  sa 

taeda  x  caribaea 

taeca  x  palustris 

TuasliOensis  x  pom  ei'oyi 


ears 


IS 


10 
c-14 
10 
10 
3 
ID 

14 
It 

F 

3-4 

^6 
12 
14 

2-14 
>1B 
2-12 

l-^l-LO 


1^. 

IS 

A. 


'>;uT  t  er 
treet 


28 

10 

28 
2 
2 

1": 
3 

1? 

H 
I 

22 

Sc 

RF 
10? 

8 
18 

71 

IS 

1 
32 

120 

16 

111 

10 

e 

2 

40 


o± 


7/  Ihese  are  all  outf lantea  trecB.      Che  largest   18-vear-ola  ottenuradiata  trees  are 
CC)  feet  tall. 
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Conifers  and  taxads  other  than  pines  in  the  mdy  Arboretum,    1947 


Scientific  and  coiranon  nanie 


Native  range 


Abies  concolor   ((fcira.    .[    ';iena.  )    ;  copes 
v.hite  fir 

Abies  ^randis   (Dougl.  )   Lindl. 
grand  fir 

Abies  niQgnifica  A.    Murr. 
red  fir 

Abies  religiosa   Schl.    &.  Cham. 
sacred  f ir 

Abies  Irucieu^tu   (T.    L-.ji:   )   V'uXt. 
bristlecone  fir 

Cedrus  deodara  Loud, 
deoaar  cedar 

Callitris  cupressiformis—    Ventenat ' 
cj.'press  pine 

Cephalotaxus  drupacea—    Sieb.    &.  Zucc. 
Japanese  plum  yew 

Chamaecypari  s  Lawsoniana   (A.    Murr.  )  Pari. 
Port  Orford  cedar 

Cryptomeria  japonica  D.    Don 
crj'-ptomeria 

Cunnin^kainia  lanceolata  Rook. 
Chinese  fir 

X  Cupressocyparis  Leylanoii  Dallim..    and  Jacks. 
Leyland  cyj^ress 
{Chamaecypari s  nootkatensis  x  Cupressus  macro carpa) 

Cupressas  arizonica  var.    bonita  Lemm. 
Ari^oiiS-  cypress 

CUf.ressus  funebris—     Ehdl. 
mourning  cj?press  , 

Cu/pressus  Goveniazi^a  Gora. 
Gowen  cypress 

Cupressus  guadalurpensis  S.    Watson 
Guad;^lux-3e  cj^press 

Cupressus  lusitanica  Mill. 
Mexican  cj'press 

Cupressus  wxicnahiana  A.    Murr. 
McNab  cypress 

Cv/pressus  nevadensis  Abrams. 
Piute  cypress 

Cupressus  sargentii  Jeps. 
Sargent  cypress 

Cu/pressfus  senipervirens  L. 
Italicn  cjTpress 

Gi;;' go  iHloba  Kaempfer 
Linkup 

Juniperus  cedrus  Vl'ebb  c   Farth. 
Canary  Island  Juniper 

Juniperus  chinensis  var.    ja/ponica  Lav. 

Japanese  juniper 
Juniperus  chinensis  var.    pfitzeriana  Spaeth 

Pfitzer  juniper 

Juniperus  horizontalis  Moench. 
creeping  juniper 

Juniperus  occidentalis  Hook. 
v;estern  jvniper 

Juniperus  sabina  L. 
■-avin  juniper 

Juniperus  scopulorun.  Sarg. 
Rockj'  Mountain  juniper 


l\estern  North  Anerica, 

Western  North  America 

California  ana  Oregon 

Mexico  cna  'uatemala 

California 

Himalaya  Mountains 

Australia 

Japan 

S.  W.  Oregon  to  N.  W.  Californi? 

Japan 

China 

Ar-isona 

China 

Ceil  if  or  ni  a 

r^'exico 

iiexico  ana  ''■-uatemala 

Oregon  and  California 

California 

California 

Meaiterranean  Region 

Chine:, 

Canary  Islands 

Japan 

Horticultural-  variety 

Northern  North  Am.erica 

California  to  Rritish  Columbia 

Europe 

Rocky  Mountains 


,:/  ^ese  trees  are  in  propagation  in  gallon  cans. 
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Conifers  and.  taxads  other  than  pines,  1947 — continued 


:cientiiic  ana  common  narie 


Native  ran:e 


J  unit- eras  vir\imana  L. 
eastern  vea  ceosr 

Lo.rix  eurofaeo.  De  Canaolle   (L.    :'ccidua  Mill.  ) 
Eui'opef;n  larch 

Lorix  leptolepis  Siet.    and  Zucc.    (.'/.    Kaempferi  'Sary  ) 

Jaranese  larch 

Likocedrus  d.ecurrens  Torr. 
incense  cedar 

Ficea  canadensis  (Mil.  )   F.  S.  P.    (p.   £;lauca  Voss) 
white  B]-:'ruce 

h'icea  En^elnaTini  Parry 
En^elmann  spruce 

Vicea   excelsa  LinJi.    (p.    abies  Karst.  ) 
Norv;c.,v  spruce 

Picea  likian^^ensi s  Pr it zel 
Likian£^  spruce 

Picea  iKcriana   (Mill.)   E.S. P. 
black  Ep.ruce 

"'icea  fungens  Engelm. 
blue  spruce       "" 

Picea  purpurea  Mast,  (erroneously  labeled  Picea  Delavayi) 
purple  cone  spruce 

Picea   sitchensis  Carr. 
Sitka,  sj-ruce 

Poao carpus  cncina—'   Poeppir, 
podoccirp' 

Podocarpus  nacropJ-yl  la^'    D.    Ion 
poaocarp 

Pseudo  larix  c:i:ac i  I  i  s=-'    I  ehaer 
golden  Ifjf-ch 

h seudotsugo.  u.acrocorpa  '! /•asie--)   r  ayr. 
bi£'..one  spruce 

Pseudotsug^c  tuxij'oliu   (pcir.  )      ritton 
Eou^la.s  i'ir 

Pseudotsvgc.  tcxij'olia  vri.    glcuca   (ilaj-r)   Fuov;. 
Rockj;  ?.^untain  Douglas  tir 

Sequoia  ^^i^antea  Decaisne 
£iant  Sequoia 

Sequoia  seTr:pervirehs  Fhdl. 

redwood 
Taxus  brevi folia  Nutt. 
Pacific  I'&N  ' 

'''axus  baccata  var.    fastigiata  Loua. 

Irish  yev; 

Tauja  occi:  I'litalis  L. 
American  ;.irborvitae 

'   Thuja  orici.talis  L. 

oriental   arborvitae 

Ttiuja  plicate    i_.     u, 
l^iant  8.rborvitae 

Torreya  californica  r.orr- 
California  Torreya 

Tsuga  hete7-ophyJla  (Raf .  )   Sar^;. 
vrestern  hemlock 

Sciadu')it\s  veriicillata  Sieb.    and  Zucc. 
urrilreliri  pine 


Iiiastei-n  North  /imerica 
Furope  ana  Siberia 
Japan 

California  ana  Cre^pn 
Northern  North  /ynerica 
V,'e stern  North  America 
Northern  Europe 
Western  China 
Northern  North  Anierica 
Colora.do  to  Mexico 
To;-  tern  C.ina 

Northern  CaAiforniri  to  Alaska 
Chile 
o  apsn 
Cfnina 
Southern  Caliiornia 

ritifh  ColuE.lria  to  Mexico 
iockv  ;  ountains 
Caliiornia, 
Ccilitcrnia 

Western  North  Am.erica 
Europe 

Elastern  North  America 
Ncrthecst   China  and  Korea 
Ci'.lijjornia  to  Alasl^a 
Caliiornia 
California   to  Alaska 
Japan 


9/  Ihese  trees  £u?e  in  propa^^ation  in  gallon  cans. 
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PRODUCTION  OF  LUMBER  AND  OTHER  SAWED  PRODUCTS 
IN  CALIFORNIA  AND  NEVADA,  1946  1/ 

(Preliminary  data,  subject  to  revision) 
By  Richard  H.  May  and  Alexander  Simon tacchi  El/ 


Lumber  production  in  California  in  1946  broke  all  previous 
records  with  a  total  cut  of  slightly  over  2,681,500  M  feet  b.m. 
(including  a  small  amount  from  Nevada).   This  is  all  the  more  remark- 
able in  viev;  of  the  fact  that  a  strike  closed  or  curtailed  production 
in  the  major  Redwood  Region  mills  during  most  of  the  year.   Thus  the 
Pine  Region  mills  more  than  made  up  the  volume  of  production  lost  by 
the  redwood  strike.   The  cut  for  1946  is  an  18.6  percent  increase  over 
that  fcr  1945  and  an  8.7  percent  increase  over  that  for  1944  --  the 
previous  high  year. 


Tables  1  to 


inclusive,  present  the  details  of  liomber  produc- 


tion by  species,  mill  size  class,  and  county.   A  new  feature  in  this 
year's  Research  Note  is  a  map  of  California  showing  the  approximate 
locatj.on  of  milJ  s  contributing  to  the  record  cut  of  1946. 

Highlights  of  1946  Lumber  Production 

Pine  Region  production  increased  35.4  percent  over  1945,  or  from 
1,616,289  M  bd.  ft.  to  2,189,208  M  bd.  ft.   That  of  the  Redwood  Region 
dropped  23.6  percent  below  1945,  or  from  644,503  M  bd.  ft.  to  493,203 
M  bd.  ft. 


1/  Preliminary  statistics  of  lumber  production  in  California 
and  Nevada  were  collected  in  cooperation  with  the  Bureau  of  the  Census 
of  the  U.  S.  Department  of  Commerce.   These  data  should  be  essentially 
correct,  since  they  are  based  on  preliminary  tabulations  of  complete 
retu.fiis.   Final  statistics  will,  however,  be  issued  by  the  Bureau  of 
the  Census  in  the  usual  manner. 

2/  Foresters,  Division  of  Forest  Economics,  California  Forest 
and  Range  Experiment  Station  and  Special  Agents,  Bureau  of  the  Census. 
Blanche  M.  Fadie  and  Evelyn  Huzieff,  on  the  clerical  staff  of  the  Call 
fornia  Forest  and  Range  Experiment  Station  and  Special  Agents,  Bureau 
of  the  Census,  assisted  in  the  compilation. 

*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 


The  number  of  active  sawmills  almost  doubled  as  compared  with  1945, 
the  increase  being  99  percent  or  from  A5'i    to  909.   Active  sawirdlls  in  the 
Pine  Regiori  increased  by  87  percent  over  1945  (from  341  to  646),  while  those 
in  the  Redwood  Region  increased  by  127  percent  (from  116  to  243) .   Active 
shingle  mills  increased  625  percent,  or  from  12  to  87.   Total  active  mills 
of  all  types  increased  from  469  to  996,  while  total  idle  mills  decreased  from 
123  to  55. 

Figure  1  shows  graphically  the  changes  in  lumber  production  and  in 
number  of  active  sawmills  that  occurred  in  the  Pine  and  Redwood  Regions  from 
1945  to  1946. 
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Figure  1.   Lxomber  production  and  active  sawmills  in 
Fine  and  Redwood  Regions,  1945  and  1946 


The  cut  of  ala  species  except  redwood.  Port  Orford  cedar  and  the 
oaks  increased.   However,  in  the  Pine  Region  the  cut -of  firs  advanced  in 
proportion  of  total  cut  at  the  expense  of  the  pine  cut  by  about  3§  percent, 
or  from  28.5  to  52.2  percent  of  the  regional  cut.   In  the  Redwood  Region, 
"whitewoods"  (Douglas  fir  and  other  species)  advanced  at  the  expense  of 
redwood  by  almost  20  percent,  or  from  31.1  to  50.8  percent  of  the  regional 
cut. 

The  medium- sized  and,  to  lesser  extent,  the  small  mills  increased  in 
proportion  of  total  cut  ai,  the  expense  of  the  large  mills.   For  the  State  ^ 
as  a  whole.  Class  5  and  4  mills  produced  33  percent  of  the  total  cut  in  1946, 
while  their  pi-oportion  in  1945  was  23^  percent.   This  is  most  noticeable  in 
the  Redwocd  Region  where  Class  3  and  4  mills  produced  61-|  percent  of  re- 
gional cut  in  1946  as  compared  with  23  percent  in  1945. 

5/     State  as  here  used  refers  to  California  primarily,  for  the  Nevada 
cut,  while  included,  is  so  small  as  to  be  negligible. 
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Owing  to  the  redwood  strike,  no  mills  in  the  Redwood  Region  cut 
into  Class  8  in  1946;  while  Pine  Region  mills  in  Class  8  cut  less  than 
in  1945,  both  as  to  total  cut  and  proportion  of  cut.   On  the  other  hand. 
Class  7  mills  in  the  Pine  Region  cut  considerably  more  --  both  in  amount 
and  percentage  of  total  -  -    in  1946  than  in  1945. 

The  three  Class  8  mills  in  the  Pine  Region  had  a  greater  aggregate 
cut  than  any  one   county  in  California. 

Siskiyou  County  regained  the  lead  in  production  from  Humboldt 
County,  which  dropped  into  second  place  because  of  the  redwood  strike. 
The  10  leading  counties  listed  below  accounted  for  87^  percent  of  the 
State  cut,  though  they  contained  only  55  percent  of  the  active  mills 
(499  of  the  total  of  909) . 

County  1946  cut  (M  bd.  ft.)  ' 

Siskiyou  293,113 

Humboldt  271,545 

Plumas  223,729 

Lassen  221,485 

Eldorado  211,979 

Shasta  209,562 

Mendocino  144,674 

Butte  126,868 

Calaveras  111,203 

Tuolumne  102,619 

1,916,777 

Mills  with  band  headsaws,  only  9  percent  of  the  State  total  as  to 
nunbei",  accounted  for  60  percent  of  production  by  volume,  with  circular- 
headsaw  rills  cutting  the  remainder. 

Lumber  stocks  had  increased  18  percent  by  the  end  of  1946  as  com- 
pared with  the  end  of  1945,  indicating  the  promise  of  a  greater  supply 
of  better  lumber  in  the  future.   This  increase  was  primarily  accounted 
for  by  Pine  Region  mills. 

Cut  of  ties,  lath  and  shingles  increased  over  1945,  the  lath  cut 
by  as  much  ay  "16  percent. 

The  State  of  Nevada  cut  only  93  M  bd.  ft.  at  three  new  small 
mills.   The  five  older  mills  in  that  State  were  idle. 

Careful  estimates  of  production  through  the  end  of  May  1947 

indicate  that  the  1947  cut  will  exceed  that  of  1946,  possibly  by  as 

much  as  30  percent,  thus  forecasting  a  cut  well  over  three  billion 
bd.  ft.  for  the  State. 
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Table  1.   Production  of  lumber,  by  species,  ajid  of  other  sawed  products 

California  and  Nevada  1/  -  1945  and  1946 


Species 

:          Lumber 
:      1945 

production 
■;     X946 

.  -  • 

Change  1946 
from  1945 

M  bd.  ft. 

Percent 

M  bd.  ft. 

Percent 

Percent 

Ponderosa  pine  2/ 

914,880 

40.5 

1,137,026 

42.5 

+  24 

Douglas  fir 
VihJte  fir  3/ 

572,885 

16.5 

507,227 

18.9 

+  36 

'   285,638 

12.7 

386,863 

14.5 

+  35 

Sugar  pine 
Redwcod  i/ 

194,552 

8.6 

290,758 

10.8 

+  49 

443,806 

19.6 

243,310 

9.1 

-  45 

Incense  cedar 

45,655 

2.0 

62,578 

2.3 

+  37 

California  red  fir 

— 

40,044 

1.5 

— 

Sitka  spruce 
Other  pines  6/ 

2,328 

0.1 

7,203 

0.3 

+  209 

10 

0.0 

4,488 

0.2 

+  44780 

Port  Orf ord  cedar 
Western  hemlock  ^/ 

665 

0.0 

510 

0.0 

-  25 

— 

— 

75 

0.0 

— 

Totrjl  softwoods 

2,260,399 

100.0 

2,680,082 

99.9 

+  19 

Alder 

67 

0.0 

956 

0.1 

+  1325 

Oak  1/ 

274 

0.0 

273 

0.0 

0.5 

Other  hardwoods  .§/ 

_.52 

0-P 

._._?oo 

0.0 

±_.265._ 

Total  hardwoods 

393 

0.0 

1,429 

0.1 

4  264 

GRAND  TOTAL 

2,260,792 

100.0 

2,681,511 

100.0 

+  19 

Active  sawmills  reporting        457 

909 

+  99 

Stocks  of  lumber  December  31  463,6-24 

545,425 

+  18 

(M  bd.  ft.)     , 
Sawed  ties,  M  bd.  ft,  ^'               27,505 

33,094 

+  20 

Active  shingle  and 

lath  mills     12 

87 

+  625 

Lath  and  carstrips 

(thousands)  5,651 

12,213 

+  116 

Shingles  and  sawn  shakes      b9,32& 

127,997 

+   43 

( squares) 

\ 

1/     Combined  to  avoid  disclosing  output  of  individual  establishments  in 
Nevada  in  1945. 

2/  Includes  Jeffrey  pine,  both  years. 

3/  Includes  some  California  red  fir  and  western  hemlock  in  1945. 

4/  Includes  bigtree,  both  years. 

5/  •  Not  reported  separately  in  1945  (included  with  white  fir). 

6/  Lodgepole  pine  in  1945.   Monterey,  Coulter,  digger,  lodgepole, 
western  white  pines  in  1946. 

7/  Valley  white  and  California  black  oaks  and  tanoak  in  1945.   Valley 
white,  California  black,  blue  and  live  oaks  and  tanoak  in  1946. 

8/  Cottonwood,  ash,  laurel,  and  maple  in  1945.   Cottonwood  and  laurel 
in  1946. 

9/  Also  included  under  quantity  of  lumber  sawed. 
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Table  S«   Production  of  lumber  by  counties  and   Bpecies 

California  and  Nevada  -  19^+6 

(Preliminary  data  subject  to   revision) 


No.    of 
active 

Lumber 

pro-iuf'cion 

by  specie 

s    (M  bd 

ft.) 

1 

Change 
from 

state 

:   Ponderosa 
:        pine  )J 

Douglas 

•     ''"'■"«„  / 

I   Sugar    t 

V    = 

4/      : 

Sitka 

Other  5/ 

:     Hard- 
:    woods  y 

County 

sawmills 

fir 

:    firs  2/ 

:      pine    : 

Redwood    : 

Cedar    : 

spruce 

softwoods 

:      Total      ; 

1 

945 

~Pe 

rcec 

t 

REDIIDOD  REGION 

CALIPOWJU 

Del   Norte 

15 

1U,206 

10 

36,692 

114 

2,616 

75 

10 

53,723 

+ 

141 

9/ 

Humboldt   (W) 

93 

20 

137,806 

5,392 

110,755 

396 

4.587 

222 

259,178 

- 

35 

Marin  -  Napa    (W 

1/ 

3 

50 

531 

4,889 

5.470 

^^, 

Mendocino    (W) 

85 

8,lt42 

58,22U 

577 

67,437 

892 

135,272 

- 

26 

n/ 

Monterey 

5 

719 

3.793 

4.512 

— 

w 

San  Mateo 

6 

708 

3,66l4 

4,372 

+ 

48 

Santa  Clara 

3 

370 

695 

1,065 

^ 

82 

Santa   Crul 

25 

2,698 

13,744 

7 

I6.i4l49 

♦ 

61 

Sonoma 

28 

8.022 

4.240 

12.262 

♦ 

M 

Region   Total 

265 

8,212 

222,565 

5.979 

242,835 

510 

7,203 

3,875 

1.124 

492,303 

- 

24 

PINE  REGION 

CALIFORNIA 

1 

Amador  -  Sacramento  1/ 

17 

33,919 

3,5U3 

1U,532 

17,166 

5.835 

74,995 

♦ 

55 

1 

Butte 

Ui 

39.993 

20,671 

37,270 

26.339 

2,595 

126,868 

♦ 

55 

Calaveras 

la 

5'>.088 

11,20U 

2U,596 

17.067 

3,248 

111,203 

4- 

18 

Eldorado 

65 

lllj,l6l 

19,979 

36,293 

29.612 

11,926 

8 

211,979 

4- 

47 

Fresno 

21 

I6.U65 

11,171 

9,808 

80 

i4o 

37,6614 

+ 

95 

Glenn   -   Colusa 

3 

22U 

6 

800 

7 

1.037 



i^  i 

Humboldt   (E) 

7 

60 

12,032 

250 

25 

12,367 

— 

w .  ' 

Inyo   -  Alpine  If                    ^ 

3 

7,702 

8/     5'"^ 
£/          382 

20 

1 3,498 

— 

TO/     j 

w 

Kern  -  San  Luis 

Obispo  U 

5 

1,150 

IDO 

80 

12 

2 

1,706 

— 

Lake 

9 

6,335 

14.617 

26 

225 

11,205 

+ 

49 

Lassen 

11 

1^5,881 

3,085 

48,585 

11,505 

2,429 

221,1485 

. 

10 

Madera 

20 

lj,7lj6 

4,756 

3,311 

178 

21.991 

+ 

17 

Mariposa 

3U 

17,257 

525 

2,1488 

405 

20,675 

+ 

140 

11/ 

Mendocino    (E) 

8 

2,612 

5,026 

1.090 

670 

4 

9,402 

— 

Modoc 

9 

81,2U8 

9.765 

450 

91.463 

+ 

56 

Napa    (L) 

U 

27I4 

I459 

733 

.„ 

-If    \ 

Nevada 

45 

U6,806 

7,131 

13,280 

4,567 

2,264 

10 

74,060 

+ 

278 

Placer 

26 

22,547 

11,005 

5.446 

1,102 

618 

1 

1 

40.720 

+ 

68 

Plxxmas 

28 

6e,Uol 

Ul4,320 

£/         407 

35.949 

13,643 

100 

223,729 

+ 

24 

i£/ 

Riverside   -   Ventura    U 

7 

913 

200 

276 

123 

1.919 

— 

San  Bernardino 

7 

1.369 

72 

8 

7 

26 

1,482 

4- 

108 

San  Diego 

7 

653 

469 

13 

280 

475 

31 

1,921 

♦ 

668 

Shasta 

U3 

93,723 

l43.1iH4 

71.653 

27,106 

8,609 

40 

17 

209,562 

■♦■ 

50 

Sierra 

11 

28,!iil 

6,91*7 

12,60li 

4.681 

238 

15 

52.926 

+ 

19 

Siskiyou 

ItO 

178,703 

37.i1j6 

33,603 

42,201 

1,460 

293,115 

+ 

9 

Tehama 

lU 

18,1^27 

5,095 

5,°1.6 

5,628 

1.542 

, 

12 

36,650 

♦■ 

148 

Trinity 

29     • 

13,270 

20,298 

96 

2,l6l4 

38 

35.666 
46,878 

+ 

101 

Tulare 

20 

15.296 

22,256 

7,130 
29,74l 

395 

i,ei4 

3 

4 

■*- 

99 

Tuolunine 

3U 

4E.733 

1,511 

19,507 

3,124 

3 

102,619 

+ 

73 

Yuba 

31 

Uo,3li5 

26,673 

18,649 

11.963 

1.571 

99.401 

+ 

72 

W!VACA 

Douglas   -   Clark 

y 

7 

87 

6 

95 

. 

97 

j 

Region   Total 

6)46 

i,i2e,eiU 

281j,662 

420.928 

290,758 

475 

62,578 

688 

305 

2.189.208 

+ 

66 

GRAND    TOTAL 

909 

1,137.026 

507.227 

426.907 

290,758 

243,310 

65,088 

7,203 

4,563 

1.429 

2,681,511 

+ 

19 

1/     Includes   Jeffrey  pine,    in  some  pine   regilon  counties. 


£/  In  Redwood  Region 

3/  In  Redwood  Region 

H/  In  Redwood  Region 

^/  In  Redwood  Region 


Lowland  white   fir   (Abies   ^randis)*      In  Pine  Region:      White  fir    (j^bies   concolor)   and   Cfilifomia   red   fir    (Abies  magnlfica). 

Coast   redwood.      In  Pine   Region:      Blf;tree. 

Port  Orford    cedar.      In  Pine  Region:      Incense   cedar. 
_  Western  hemlock  75^*   an<i  Monterey  pine   JBOOM.      In  Pine   Region:      Lodgepole   pine  lUlM,   western  white  pine  6M,    digger   pine  liOM  and 

Coulter  pine  5OIM. 
6/     In  Redwood   Region:     Alder  9214^.    cottonwood   19?M,    laurel   5M  and  tanoak  2M.      In  Pine  Region:      Valley  white  oak  225U,   alder   32M,    blue  oak  25M.    Cali- 
fornia  black  oak  21U  and   coast  live  oak  and   cottonwood  2M  each. 
7/     Combined   to   avoid   disclosing  individual  operations. 
F/     "Dunnage",   or  old    ^.imbers. 

^     Humboldt  W  and  Hiiuiboldt  E  combined   for  percentage   computation, 
to/  In  different   combination   in  19li5. 

11/  Mendocino  W  and  Mendocino   E   combined   for   percentage  computation. 
1?/  No   production     in  191^3. 
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pE  UMiVERsn7  -or-  t:-:£  south         Ap^il    191^8 

PIMJS:   POLLINATION  BAG  CONSTRUCTION 


By  Ao  Ro  Liddicoet 


In  plant  breeding  work  different  species  usually  require  at  least 
minor  differences  in  treatmento   It  is  not  surprising^  therefore^  to 
learn  that  specific  techniques  are  used  in  the  breeding  of  pine  trees. 
Methods  and  specialized  eauipment  have  been  developed  by  the  Institute 
of  Forest  Genetics  over  a  period  of  twenty  years ^  during  which  time 
many  variations  of  numerous  methods  have  been  tried  with  more  or  less 
successo   In  an  effort  to  help  others  who  are  interested  in  the  breed- 
ing of  pineSj  techniaues  that  have  proved  successful  are  being  published 
by  the  California  Forest  and  Range  Experiment  Stationo   This  note  des- 
cribes the  construction  of  the  pollination  bag  used  by  the  Instituteo2_/ 


1/   Other  recent  publications  include: 

Pinus:   Methods  of  controlling  pollination  in  the  Sierra  Nevada, 
by  Wo  Co  Gumming  and  Fe  lo  Righter^   Manuscript  in  process  of  publication 
by  Uo  So  Department  of  Agricultures 

Trees  in  the  Eddy  Arboretumj  by  Ro  Ho  Ifeidman.,   Research  Note 
No,  535  California  Forest  and  Range  Experiment  Station o   Berkeley »   April 
19l+7o 

Dates  and  places  of  pollen  collection  by  the  Institute  of  Forest 
Genetics,  by  John  Wo  Duffieldo   Research  Note  No o  5Uo   September  10^  19^7 < 


Pinus;   Propagation  of  experimental  stock,  by  Ao  Ro  Liddicoet  and 
Eo  Fo  Kimbrougho   Research  Note  No o  S6o   October  15,  19^7° 

*  MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 

J    Agriculture — Berkeley 


Purpose  of  the  Bag 


In  controlled  pollination  of  pines  a  pollination  bag  is 
used  to  cover  the  female  flowerSj  or  conelets^  to  protect  them 
from  undesired  polleno   The  bags  must  be  constructed  of  material 
that  will  exclude  all  air=borne  pollenj  yet  will  be  porous  enough 
to  allow  moisture  transpired  by  pine  needles  to  be  dissipated^ 
The  bag  material  must  allow  penetration  of  a  hypodermic  syringe 
needle  to  introduce  the  pollen  and  must  permit  the  hole  made  by  the 
needle  to  be  readily  closedc   It  is  also  desirable  that  the  bag  have 
a  window  for  examining  the  conelets  without  removing  the  bag. 

Material,  -  The  materials  used  in  making  the  Institute  bag 


are  as  follov^s  ; 


Untreated  10-  or  12-  ounce  white  canvas c   Twenty- 
eight-inch  width  is  preferred  because  this  width  places 
selvedge  edges  at  the  open  end  of  the  bag»   Bags  made  of 
10-ounce  canvas  are  preferable.   They  are  lighter^,  easier 
to  usej  and  cause  less  damage  to  young  shoots  than  the 
more  durable  12-ounGe  materials 

Liquid  fabric  cement  (weatherproof)  and  thinner o 
(One  gallon  will  seal  250  bags)o 

No,.  1  binding  staples  (^-inch  wide)o 

Cellulose   acetate  plastic  windows,    I4  x   5   inches^ 
=01    inch  thicks 

Cement   for   cellulose   acetatco       (One    quart   will 
cement    225  windows) o 


Cutting  and  Cementing..  =■  A  cardboard  template  (figo  l)  is  used 
as  a  pattern  to  mark  out  the  bagj  which  is  8  inches  wide  and  li4  inches 
long  when  completedo 


£8' 


K" 


4" 


CUT  OUT 

FOR 

WINDOW 


Figure  1,  -  Pattern  for  pollination  hag  templateo 
(Not  to  scale,) 


After  the  bag  is  cut  by  use  of  a  single-edge  razor  blade  or  shears,  the 
window  half  of  the  canvas  is  folded  over,  on  the  broken  line  of  figure  Ij 
leaving  a  half-inch  margin  beyond  each  edge  of  the  S-inch  side.   Liquid 
fabric  cement  is  applied  liberally  to  these  marginSj  which  are  then 
folded  over  and  sealed  by  running  a  finger  along  the  lap^   The  newly 
glued  bags  are  piled  under  a  board  weighted  with  about  ten  pounds,,   Such 
a  weight  is  sufficient  to  press  approximately  25  bags..   After  twenty-^four 
hours  the  bags  are  inspected.   If  seams  failed  to  adhere^,  they  are  re-= 
cementedc   A  binding  staple  is  placed  in  each  corner  with  a  No o  1  stapler 
to  strengthen  the  corners. 

Installing  the  Windows*  -  The  -windows  are  cut  from  standard  20  = 
by  50-inch  cellulose  ace"tate  sheets,  each  window  being  i4  by  5  inches  so 
that  it  extends  one-half  inch  on  each  side  of  the  opening  in  the  canvas o 
Cement  is  applied  to  the  edge  of  the  fabric  with  a  half=inch  brusho   The 
window  is  placed  in  position,  and  sealed  by  pressure  with  the  finger.-.   The 
bag  is  again  weighted  as  for  cementing  and.  left  for  twelve  hours  or  more» 


When  the  bag  is  completed, 
a  piece  of  cotton  batting  is  placed 
inside  the  bag  (for  padding  around 
the  branch  where  the  bag  is  to  be 
tied) ,  the  open  end  of  the  bag  is 
sealed  with  gummed  tape  (fig.  2), 
and  the  bag  is  sterilized  -  as  far 
as  pollen  is  concerned  -  in  an  elec- 
tric oven  at  80°  C  for  24  hours  - 

This  method  of  bag  Construc- 
tion requires  approximately  15  man- 
minutes  to  complete  one  bag.   Under 
average  treatment  a  bag  will  last 
from  10  to  15  years,  except  for  the 
windows ,  which  must  be  replaced  in 
from  1  to  5  years   When  replacing 
a  window,  if  the  defective  one  can- 
not be  peeled  from  the  canvas,  a 
little  acetone  applied  to  the  seams 
will  help  loosen  the  window.   After 
each  period  of  use  the  inside  of  the 
bag  is  cleaned  with  a  small  vacuum 
cleaner,  and  windows  and  seams  are 
inspected  for  defects.   If  there  are 
no  defects ,  the  bag  is  ready  to  have 
a  piece  of  cotton  placed  inside  and 
the  open  end  sealed.  When  sterilized, 
the  bag  is  again  ready  for  use. 


Figure  2   -  Completed 
pollination  bag  sealed  with  gummed 
tape  at  open  end . 
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Researcn^  particularly  in  management  techniques,  will  obviously 
have  to  'be  carried  on  for  several  years  before  definitive  results  can 
be  obtained.  Meanwhile,  public  programs  concerned  with  the  blister 
rust  problem  will  continue  in  operation  and  administrative  decisions 
governing  both  the  scale  of  such  programs  and  their  application  to 
specific  areas  will  continue  to  be  made.   There  is  thus  a  pressing 
need  for  preliminary  study  of  the  blister  rust-sugar  pine  management 
problem,  even  though  results  of  such  study  are  recognized  as  highly 
tentative. 

Pur-pose  and  Limitations  of  this  Report 

To  m.eet  this  need,  available  information  on  prospective  sugar 
pme  market  requirements,  stumpage  values,  and  production  costs  has 
been  brought  together  in  this  report.  Primary  attention  has  been 
directed  to  three  specific  questions: 

1,  About  how  much  sugar  pine  will  be  needed  by  the  time 
potential  second  growth  crops  reach  maturity? 

2„  What  is  the  long  run  outlook  for  sugar  pine  values  and  for 
value  differentials  between  sugar  pine  and  other  species  competing  for 
sijgar  pine  sites? 

3,  What  elements  of  cost  are  likely  to  be  most  important  in 
determining  the  spread  between  costs  of  growing  sugar  pine  and  costs 
of  growing  other  species  on  the  same  site? 

Such  conclusions  as  are  dra^ACi  m  this  report  are  tentative  in 
character.  Data  are  not  currently  available  which  will  permit  final 
decisions  on  some  of  the  im,portant  questions  which  are  involved.  Other 
aspects  are  currently  the  subject  of  intensive  research  study,  results 
of  which  m.ay  alter  or  modify  views  that  now  seem  reasonable.  But  if 
these  limitations  are  borne  in  mind,  the  results  of  the  present  study 
should  prove  helpful  in  formulating  policies  until  such  time  as  m„ore 
thorough  research  is  available. 
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Sugar  Pine  Forests  in  California 


Economic  problems  of  protecting 
and  managing  sugar  pine  stands  must  be 
considered  in  relation  to  the  present 
condition  of  the  sugar  pine  resource. 
Sugar  pine  ranges  from  central  Oregon 
southward  through  the  Coast  and  Cascade 
Ranges,  the  Sierra  Nevada,  and  Cali- 
fornia cross  ranges,  into  lower  Cali- 
fornia.  Its  commercial  range  includes 
the  west  side  of  the  Sierra  Nevada,  the 
inner  Coast  Range,  the  Siskiyou 
Mountains,  and  the  Southern  Cascade 
range.  The  species  usually  occ^-irs  in 
mixed  stands.  At  lower  elevations, 
primary  associates  are  ponderosa 
pine,  incense  cedar,  Douglas-fir, 
and  oak.  Higher  up,  white  and  red 
firs  enter  the  mixture  in  increasing 
proportions,  and  other  associates 
tend  to  disappear. 


DISTHlBimoK 


OOUOIHCI^  SUGAR  P1H£  STANDS 


flang*  of  SujAT   Plji.. 


BARBISPISID 


'    °       '■''      '"      '"""• 


Sugar  Pine  Types 


For  this  report, 
recognized. 


two  types  of  sugar  pine  forest  have  been 


a.  Sugar  pine— fir  type;   an  area  in  which  sugar  pine  is  the 
key  species,  forming  15  percent  or  more  of  the  stand  by 
volume,  and  in  which  the  volume  of  firs  (true  fir  or 
Douglas-fir)  is  50  percent  or  more  of  total  volume,  or  in 
which  the  volume  in  fir  is  two  or  more  times  the  volume 
in  ponderosa  pine, 

b.  Sugar  pine—ponderosa  pine  type;   an  area  in  which  sugar 
pine  is  the  key  species,  forming  15  percent  or  more  of  the 
stand  by  volume,  and  in  which  the  volume  of  firs  is  less 
than  50  percent  of  total  volume  and  less  than  twice  the 
volume  of  ponderosa  pine . 

Sugar  pine — ponderosa  pine  type  thus  includes  not  only  "pure 
pine"  types,  with  sugar  pine  15  percent  or  more  of  the  volume,  but 
also  stands  of  sugar  pine  and  ponderosa  pine  mixed  with  smaller  amounts 
of  Douglas-fir  and  true  fir.  Similarly  sugar  pine— fir  type  includes 
not  only  those  areas  where  ponderosa  pine  is  absent,  but  also  many 
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mixed  s":ards  where  ponderosa  pine  is  present  in  small  quantities. 
As  an  extreir.e  illustration,  an  area  consisting  of  15  percent  sugar 
pine.  34  percent  ponderosa  pine^  and  51  percent  firs  is  classified 
as  sugar  pine™iir  type  under  this  definition.^/ 

Area  of  S'lJLgar  Pine  Land 

The  Office  of  Blister  Rust  Control  has  estimated  the  forest  area 
in  sugar  pine  types  in  California  at  3,1  mllion  acres.   This  constitutes 
18  percent  of  all  tiiTiher  cropland  in  the  State  and  27  percent  of  the 
land  in  pine  and  Tflxed  coniferous  forest  types.  An  additional  2.2 
million  acres  has  S'ogar  pine  timber  on  it,  but  in  insufficient  quantity 
to  '::9  classed  as  sugar  pine  type.  About  30  percent  of  the  total  acre- 
age is  in  the  southern  Sierras  (South  of  the  American  RiA.'-er,  fig.  1) . 
An  additional  45  percent  is  in  the  northern  Sierras,  and  the  remaining 
25  percent  is  in  the  Coast  Range  and  Siskiyou  MoujntainSo 

Complete  ownership  data  have  not  been  cojnpiled.  On  the  basis 
of  Office  of  Blister  Rjst  Control  figures  covering  over  half  of  the 
type^  howe\''er,  about  52  percent  of  the  area  is  in  private  ownership. 
The  remainder  is  held  largely  by  the  Federal  government.  Private 
ownership  dominates  in  the  Sierra  region  with  aljnost  60  percent  of  the 
sugar  pine  land.   In  xhe  Coast  Range  and  Siskiyous^,  private  owners 
hold  only  about  30  percent  of  the  sugar-  pine  area.  Thiroughout  the 
region^  88   percent  of  the  private  ownership  is  in  large  holdings. 

As  with  ownership,  comprehensive  data  on  distribution  of  the 
sugar  pine  area  by  site  quality  is  not  available.  Generalized  esti- 
miates,  nowever  (table  1)^  show  that  of  the  total  forest  area  in 
sugar  pine  types  about  one  quarter  is  on  high-quality  sites  (defined 
as  site  class  1-175  or  betxer) ,  Almost  all  of  this  810  thousand 
acres  of  highly  productive  sugar  pine  land  is  in  the  West  Sierra  Pine 
subregion^  with  only  about  50  thousand  acres  of  high-site  sugar  pine 
type  in  the  Coast  Range, 


1/  This  two-fold  classification  was  dictated  by  the  character 
of  the  data  available  for  use  in  tnis  analysis.   It  does  not  conform  to 
the  type  classifications  no'w  in  general  use  throughout  the  region.   In 
particular-;,  it  should  be  noted  that  the  important  mixed  conifer  type  is 
not  recognized  in  the  classification  used  here.  Mixed  conifer  stands 
running  predominantly  to  fir  are  here  grouped  with  sugar  pine — fir  type^ 
and  those  in  which  pine  predominates  are  grouped  with  sugar  pine — 
ponderosa  pine  type. 
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Table  1.-  Estimated  areas  of  sugar  pine  type  in  California 

by  site  quality!/ 

(Area  in  thousand  acres) 

Subregion  and :     Site  quality^/     : 
forest  type ::  High  :   Medium  :  Low  :  All  sites 

East  Sierra  Pine: 

Sugar  pine — ponderosa  pine 
Sugar  pine— fir 
Total 

West  Sierra  Pine; 

Sugar  pine— ponderosa  pine 
Sugar  pine— fir 
Total 

Coast  Range  Pine  and  Douglas-fir 

All  Subregions 

Percent  of  total  sugar  pine  area     26       63     11  .       100 


1/  Estimates  based  on  type  maps  prepared  by  Office  of  Blister 
Rust  Control  and  data  on  site  quality  classes,  by  forest  types  and  sub- 
regions,  prepared  by  the  California  Forest  and  Range  Experiment  Station. 

2/  High  site  includes  sites  IA-200  and  1-175;  medium  site  in- 
cludes sites  11-150  and  III-125;  low  sites  include  site  IV-100  and  V-75 . 

Volumes  of  Sugar  Pine  Timber 

According  to  volume  estim.ates  compiled  by  the  Experiment  Station, 
the  total  stand  of  sugar  pine  in  California  in  1945  amounted  to  21,1 
billion  board  feet.  Of  this,  1,6  billion  feet  was  in  areas  where  such 
factors  as  topography,  accessibility,  and  character  of  timber  are  judged 
unfavorable  for  economic  operation,  at  least  for  a  long  time  to  come. 
About  0„8  billion  board  feet  was  in  areas  of  such  high  recreational 
value  that  the  usual  forms  of  timber  m_anagement  would  not  apply  and  is 
therefore  of  doubtful  availability  from  the  standpoint  of  si:igar  pine 
supply.  This  leaves  17,4  billion  feet  of  available  sugar  pine  timber 
in  California  (table  2) .  Fifty-six  percent  of  this  volume  is  in  public 
ownership,  and  practically  all  of  the  publicly-owned  volume  is  on 
national  forests. 

Seventy-eight  percent  of  the  available  volume  is  in  old-growth 
stands.  Most  of  the  remainder  is  in  yoijng  growth-old  growth  stands  and 
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consists  principally  of  residual  old  growth  trees.  Sugar  pine  volumes 
in  young -growth  stands  amo'inxed  to  only  about  250  million  board  feet^ 
1.3  percent  of  the  total  available  supply.   In  comparison,  almost  5  per- 
cent cf  :*-arrsnt  ponderosa  pine  volumes  are  ir  young-growth  stands.   The 
difference  is  probably  indicative  cf  the  difficulties  of  obtaining  sugar 
pine  restocking  -Jancer  past  management  practices. 

As  in  the  case  of  sugar  pine  areas,  volumes  are  heavily  con- 
centrated in  the  West  Sierra  Pine  subregion.   It  contains  73  percent  of 
the  total  volume.  Seventeen  percent  is  in  the  Ooast  Range  Pine  area, 
and  8  percent  in  the  East  Sierra  Pine.  Volum.es  in  the  Douglas-fir  and 
Redwood  subreglons  account  for  only  2  percent  of  the  total. 

Table  2 .  -  Available  sugar  pine  vol'jmes  in  California  by 
supregion.-,  O'jvnership,  and  age  class  of  timber 

(Volumes  m  million  ft.,  log  scale) 


Subregion  and 

age  ciaoD 


Owner  shi-p         .     ' 
Friva^e    ;   Public-/      :       All 


WEST  SIER.RA  PINE" 
Ola  gzo'jrr.a 

You:ag  growth-old  growth 
YO'U'ig  growth 
All  ages 


3,803 

5,685 

9,488 

1,508 

1,499 

3.007 

76 

U6 

222 

5,387 


7,330 


12,717 


EAST  SIERRA  Pi;v\E; 
Old  gro^H'th 

Young  growth-old  growth 
Yotng  growth 
Ail  ages 

COAST  RANGE  PI^E,  DOUGIAS-FIR,  &  REDWOOD; 
Old  growtn 

Young  grcwtn-old  growth 
Youn_g  growth 
All  ages 


874 

351 

1,225 

51 

61 

112 

2 

6 
418 

8 

927 

1,345 

1,  091 

1,826 

2,917 

229 

145 

374 

1-7 

7 

24 

1,337 


1,978 


3,315 


TOTAL  CALIFORiVIAs 
Old  growth 

■Young  gr-owth-old  growth 
Young  grow-th 
All  ages 


5,768 
1,788 

22 

7,651 


7,862 

1,705 

160 

9,727 


13,630 

3,493 

255 

17,378 


1/     Over  98  percent  of  the  publicly  owned  sugar  pine  is   in 
National  Forests.  . 


Totals  m.ay  not  add  because  of  rounding. 
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The  Blister  Rust  Situation 

No  description  of  the  sugar  pine  resource  would  be  complexe 
without  some  reference  to  the  present  and  prospective  effect  of  white 
pine  blister  rust.  Once  firmly  established  in  an  area,  this  disease 
quickly  causes  high  mortality  m  young  sijgar  pine  stands.  Mature 
trees  suffer  much  less  heavily,  but  after  many  years  of  exposure, 
these  too  may  be  killed.  Thus,  one  of  the  major  factors  to  be  con- 
sidered in  evaluating  the  s'ugar  pine  reso'orce  is  the  extent  to  which 
present  volumes  may  be  reduced  by  blister  rust  damage. 

White  pine  blister  ruet  was  discovered  in  California  in  1936 
about  14  miles  south  of  the  Oregon  border.  Since  then  it  has  spread 
as  far  south  as  San  Mateo  County  on  the  west  and  Amador  county  on  the 
east.  The  disease  has  increased  in  intensity  in  the  northern  part  of 
the  State  to  such  a  degree  that  the  youjig  sugar  pines  are  either  dead 
or  dying  m  m.any  places  where  control  measures  have  not  been  adopted. 
Farther  south,  it  has  not  yet  reached  epidemic  proportions. 

Large  scale  practical  control  work  was  begun  in  California  in 
1933  and  has  continued  to  the  present ,  Ribes  have  been  removed  once 
from  795  thousand  acres  of  sugar  pine  land,  and  additional  work  to 
maintain  control  on  these  areas  has  covered  513  thousand  acres. 
Initial  work  has  been  completed  on  39  percent  of  the  total  area  in- 
cluded in  the  control  units  established  by  the  Office  of  'Blister  Rust 
Control,   Control  work  has  been  concentrated  in  the  area  from  Sequoia 
National  Park  northward  to  Plumas  National  Forest,  the  optimiun  range 
of  sugar  pine  in  the  Sierra  Nevada,   Some  work  has  also  been  done  in 
the  Klamath  and  Lassen  National  Forests  and  in  Lassen  National  Park. 

The  work  already*  done  has  required  956  thousand  man  days  of 
effort  (to  the  end  of  1947) .   Tne  Office  of  Blister  Rust  Control 
estimates  that,  with  the  methods  now  in  use,  an  additional  2-1/2 
million  man.  days  will  be  necessary  to  complete  the  job  on  the  entire 
2, 044,552  acres  in  control  areas.  Costs  have  risen  rapidly  from  S4 
or  $5  per  man  day  before  the  war  to  about  $19  per  man  day  in  1946, 
Although  improved  techniques  now  in  sight  may  well  result  m  some  cost 
reductions,  ribes  elimination  by  present  methods  on  the  entire  2 
million  acres  in  present  control* areas  might  thus  involve  an  additional 
expenditure  of  45  to  50  million  dollars. 

Sugar  Pine  Markets  arid  Frospecxive  Requirements 

Markets  provide  the  basic  economic  justification  for  the  produc- 
tion of  any  com^Tiodity,  The  3.1  million  acres  of  sugar  pine  types  in 
California  could  grow  a  maximuia  of  perhaps  three  hundred  and  fifty 
million  feet  of  S'ugar  pine  timber  each  year  if  the  necessary  management 
and  blister  rust  control  effort  were  applied.  But  this  would  be  a 
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costly  undertaking, 
for  this  amount  of  sugar  pine^  at  a  price  sufficient  to  cover  all  of 
the  real  costs  of  production^,  to  attempt  to  grow  sugar  pine  on  the 
entire  area  would  be  -jxiwiseo  It  would  niean  devoting  time  and  money  to 
the  production  of  siigar  pine  when  they  could  better  be  used  elsewhere. 
Therefore  a  look  at  probable  future  market  requirements  for  the 
species  is  needed  as  a  guide  to  how  much  sugar  pine  we  should  attempt 
to  groWo 

Technical  Basis  for  Market  Preference  for  Sujgar  Pine 

The  position  of  sugar  pine  as  a  preferred  wood  for  a  number  of 
important  uses  in  the  industrial  and  construction  fields  is  due 
principally  to  its  physical  and  working  qualities;  also,  it  has  been 
available  in  large  sizes  clear  of  defects. 

The  wood  of  sugar  pine  is  typically  soft,  even-textured,  and 
stays  in  place  well  (that  is,  it  shrinks  and  swells  very  little  with 
chaTxges  in  moisture  content) ,   It  is  easily  dried  with  a  minimim  of 
degrade  due  to  checking  and  warping.  It  works  well  under  power  or  hand 
cutting  tools.  Although  the  wood  is  soft  and  light  in  weight,  it  has 
sufficient  strength  for  the  many  uses  to  v/hich  it  has  been  applied. 
Its  even  texture  fits  it  well  for  moldings  and  carvings,  and  it  can  be 
nailed  with  a  minimum  of  splittingo   It  provides  a  good  base  for 
paints  and  enamels. 

In  general  its  properties  put  it  in  a  class  with  the  other  white 
pines,  eastern  (northern)  white  pine  and  western  (Idaho)  white  pine, 
and  the  three  are  used  for  many  of  the  same  purposes.  The  pattern  of 
lumber  industry  development  in  this  country  has  been  such  that  eastern 
white  pine  first  came  into  use,  then  western  white,  with  sugar  pine 
last.  NoWp  however;  they  are  all  found  in  the  national  market,  and 
are  considered  as  alternate  woods  for  many  uses. 

Certain  other  woods,  such  as  ponderosa  pine,  have  gradually 
become  competitive  with  sugar  pine  and  other  white,  pines  for  some 
uses.   In  some  properties  ponderosa  pine  is  similar  to  or  approaches 
the  white  pines,  particularly  when  the  s,ofter,  even-textured  types 
of  ponderosa  pine  are  selected.   It  is  usually  available  at  lower  cost 
and  for  some  uses  has  received  recognition.  This  trend  may  be  expected 
to  continue.  But  for  such  special  uses  as  foundry  patterns,  musical 
and  scientific  instruments,  boot  and  shoe  findings,  and  special  mill- 
work,  the  properties  of  sugar  pine  remain  superior,  and  the  species 
may  well  retain  its  preferred  position. 
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Past  Sugar  Pine  Consumption 

Statistics  on  past  consumption  of  sugar  pine  lumber  are  not 
available,  but  estimated  consumption  varies  from  about  6<4  million 
board  feet  consumed  in  1932  to  almost  400  million  board  feet  in  1942, 
a  six-fold  increase  (fig.  2),  During  the  19-year  period  for  which 
estimates  are  available^  consiimption  averaged  256  million  board  feet 
per  year.  Because  of  the  pronounced  influence  of  war  conditions  on 
recent  lumber  needs ,  it  is  difficult  to  establish  any  normal  con- 
sumption trend  from  the  data  in  figure  2,   However,  it  is  worth 
noting  that  in  1937,  (a  year  of  only  moderate  prosperity),  sugar 
pine  consumption  was  almost  equal  to  that  in  1928,  a  very  prosperous 
year  marked  by  heavy  demand  for  lumber.  The  historical  data  thus 
seem  to  point  toward  a  generally  upward  trend  in  total  sugar  pine 
consumption. 

Although  some  variation  occurs  from  year  to  year,  sugar 
pine  consumption  normally  has  amounted  to  about  1,2  percent  of  all 
softwood  use.   In  the  producing  area,  of  course,  the  relative 
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iiiiportance  of  the  species  in  the  softwood  market  is  much  greater.   But 
even  there  it  is  a  secondary  species  from,  the  volame  standpoint,  and 
special  measures  to  g-row  sugar  pine  will  find  little  justification  on 
the  basis  of  relative  market  volumes.   The  importance  of  sugar  pine 
in  the  market  depends  rather  on  the  uses  to  which  it  has  special 
adaptation. 

Principal  Uses  and  Their  Relative  Importance 

Sugar  pine  lum-ber  has  been  consumed  for  (1)  specialty  uses, 
such  as  pattern  m.aking,  sash  and  door  manufacture,  and  instr^jment 
making,  where  the  peculiar  properties  of  sugar  pine  give  it  superior 
adaptability  for  the  purpose;  and  (2)  general  uses,  such  as  box 
m^anufacture,  planing  mall  products,  and  light  construction,  where 
the  special  properties  of  sugar  pine  are  considerably  less  significant. 
A  general  indication  of  the  relative  quantitative  im.portance  of  these 
two  types  of  use  can  be  obtained  by  comparing  sugar  pine  lumber  used 
in  manufacture  in  1933  and  1940  with  total  sugar  pine  consumption 
(figo  3).   In  each  of  the  years  for  which  inform^ation  is  available, 
specialty  uses  acco^'onted  for  32  percent  of  total  consumption.  As 
1933  was  a  year  of  deep  depression  and  1940  one  of  pre-war  prosperity, 
there  is  reason  to  feel  that  the  proportions  displayed  by  the  data 
are  fairly  stable. 

For  the  principal  general  uses,  box  manufacture  and  light 
construction,  sugar  pine  comes  into  full  competition  with  ponderosa 
pine  as  well  as  with  other  species, • and  its  special  qualities  are  of 
no  particular  advantage.  Moreover;  common  grades  comprise  by  far 
the  greater  proportion  of  the  sugar  pine  consumed  in  these  uses. 
As  such,  they  are  of  below  average  unit  value  and,  in  most  cases,  are 
not  even  disting-'jished  from,  ponderosa  pine  in  the  marketing  process. 

Thus,  so  far  as  two-thirds  of  the  volume  of  sugar  pine  consump- 
tion is  concerned,  there  is  little  to  distinguish  it  from  ponderosa 
pine.   In  contrast  with  Douglas-fir  and  true  firs,  sugar  pine  has 
some  margin  of  technical  superiority  in  this  general  market.  But  with 
proper  methods  of  handling  and  with  due  recognition  of  the  inherent 
characteristics  of  fir  woods,  this  margin  will  probably  narrow  as  time 
goes  on. 

Sugar  pine  is  only  a  sm_all  element  in  this  general  market.  Com- 
parison of  the  250  million  board  feet  of  sugar  pine  consumed  in  general 
uses  in  1940  with  the  total  size  of  the  box  1-ijmber,  planing  mill,  and 
light  construction  markets  makes  it  clear  that  this  species  could  only 
provide  for  a  small  proportion  of  the  total  consum.ption  in  these  lines. 
The  market  is  thus  dominated  by  other  species.  Even  though  sugar  pine 
commands  a  price  premium  for  planing  mill  use,  it  seems  safe  to  say 
that  the  general  market  would  suffer  little  inconvenience  or  economic 
loss  if  sugar  pine  were  replaced  by  ponderosa  pine,  or  some  other  suit- 
able species. 
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Thus,  the  market  which  places  primary  reliance  on  sugar  pine  is 
the  specialty  use  market.   In  1940  about  120  million  feet  of  sugar 
pine  went  into  these  specialty  uses  (table  3) ,   Ninety-nine  percent  of 
this  amount  was  used  by  six  manufacturing  industries:   sash,  doors,  and 
general  millwork;  patterns  and  flasks;  shade  and  map  rollers;  boot  and 
shoe  findings;  scientific  instruments;  an.d  musical  instruments,,  Of 
these,  millwork  and  patterns  are  the  only  volume  consijmers,  taking 
over  93  percent  of  all  sugar  pine  used  in  manufacture. 

Table  3.-  Major  manufacturing  specialty  uses  of  sugar  pine-  1940 


:  Volijine 

of  lujnber 

used  in  1940  m  M  ft. 

b,  m. 

- 

:   Other 

:   Ponder 

-  :  All  oth-: 

Total 

:   Sugar 

:   Miite 

:    osa 

«  er  soft-s 

softwood 

Manufactui'ing  use 

TDine 

I        Dine 

:   nine 

i     woods  'o 

use 

Sash,  doors,  and  general 

millm'ork 

90,239 

53,009 

852,126 

648,327^  1 
16,336i/ 

,643,701 

Patterns  aiid   flasks 

21,413 

41,846 

2,241 

81,836 

Shade  and  map  rollers 

2,893 

7,033 

8,016 

682 

18,624 

Boot  and  shoe  findings 

2,278 

4.530 

124 

240 

7,172 

Scientific  instruments 

664 

162 

1,419 

562 

2,807 

Musical  instruments 

655 

158 

212 

•3,815 

4,840 

Woodenrare  and  novelties 

245 

1,139 

3,662 

6,305 

11,351 

Ship  and  boat  building 

244 

3,174 

899 

56,851 

61,168 

Fixtures 

204 

2,001 

8,780 

18,798 

29,783 

Car  construction  and  repair 

158 

1.522 

1,361 

485,825 

488,866 

Airplanes 

,       105 

157 

24 

7,466 

7,752 

All  other  man'ufacturing  u,ses-'^   389 

117,821 

135,074 

761,287  1 

,014,571 

Total  manufacturing  use^/ 

119.487 

232,5^2  1 

.013.938 

2,006,494  3 

=372.471 

1/  Used  largely  for  flasks, 
2/  Excluding  box,  basket,  and  crat 
Source:   IJ„S.D„A.  Forest  Service.  Lumber 


e  manufacture. 

Used  in  Manuf  act'ores  -  1940, 
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Competitive  Fosition  of  Sugar  Pine  in  Different  Uses 

Although  sash;  doors,  millwork  and  foundry  patterns  provided 
the  principal  manufacturing  uses  from  the  standpoint  of  volume^  the 
picture  is  som.ewhat  different  when  viewed  from  the  standpoint  of  the 
relative  importance  of  sugar  pine  to  each  of  the  industries  in 
question  (table  4). 

Table  4.-  Sugar  -pine  and  white  pine  consumption  in  selected 
manijj'acturing  uses  in  relation  to  total 
softwood  consujrrotion  -  1940 


Manufacturing  use 


Total 
softwood 
consump- 
tion 


Percent  of  total  softwood 
consumiDtion  which  was  — 


i      Other 

Sugar  s  white 

•pine  ;  pines 


All 
white 
■pines 


M  ft„ 


m., 


Patterns  and  flasks 

Patterns  only  (estimated) 
Boot  and  shoe  findings 
Scientific  instruments 
Shade  and  map  rollers 
Musical  instruments 
Sash J  doors ;  &  general  millwork 
Woodenware  and  novelties 
Airplanes 
Fixtures 

Ship  and  boat  building 
All  other  manufacturing  uses^ 
Total  m.an^jf acturing  uses*" 


81,836 

65,000 

7,172 

2,807 

18,624 

4,840 

1,643,701 

11,351 

7.752 

29,783 

61,168 

1,503,437 

3,372,471 


26.2 
32.9 
31.8 
23.7 
15.5 
13.5 
6.6 
2.2 

1.4 
0,7 
0.4 
negl. 
3.5 


51«1 
64.4 

63-2 
5.8 

47,8 
3.3 
3  =  2 

10.0 
2.0 
6.7 
5.2 
7.9 
6.9 


77.3 

97  „  3 

95.0 

29,5 

63.3 

16.8 

8,7 

12.2 

3.4 

7.4 

5.6 

7.9 

10.4 


^Excluding  box,  basket,  and  crate  manufacture. 


The  data  brirxg  out  the  fact  that  softwood  lumber  requirements  for 
boot  and  shoe  findings,  patterns,  and  shade  and  map  rollers  are  largely 
met  by  the  use  of  white  pine,  and  in  each  case  sugar  pine  holds  a 
substantial  part  of  the  market. 

Of  the  81,8  million  feet  of  softwood  used  in  patterns  and 
flasks,  20  percent  consisted  of  Douglas-fir,  southern  yellow  pine  and 
spruce,  used  primarily  for  flasks.  Thus,  for  pattern  work  alone,  only 
65  million  feet  of  softwoods  were  used  and  this  need  was  met  alm.ost 
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entirely  by  the  white  pines „  Some  ponderosa  pine  and  a  small  amount 
of  redwood  also  enter  into  pattern  man^jiactirre.  Although  some  lower 
grade  lumber  of  these  species  goes  into  flasks,  their  principal  use 
here  is  in  foundry  patterns. 

For  scientific  and  musical  instruments,  and  for  woodenware  and 
novelties  J  white  pines  supply  less  than  50  percent  but  more  than  10 
percent  of  total  softwood  use,.  They  are  thus  major  sources  of  supply 
for  these  industries  even  tho^igh  they  do  not  dominate  the  picture. 
Sugar  pine  is  definitely  favored  over  other  white  pines  for  instrum.ents, 
but  holds  only  2  percent  of  the  woodenware  and  novelty  market .  For 
sash,  doorSo  and  general  millwork,  white  pines  account  for  less  than 
9  percent  of  total  consumption,  but  sugar  pine  appears  to  be  in  a 
preferred  position  with  respect  to  other  white  pines. 

In  each  of  the  other  tabulated  manuf acturirig  uses  sugar  pine 
provides  a  negligible  proportion  of  total  softwood  supply  so  far  as 
the  user  industries  are  concerned.  Some  5  million  feet  of  eastern 
and  western  white  pine  went  into  fixtures  and  ship  and  boat  building 
in  194-0,  but  sugar  pine  supplied  less  than  one-tenth  of  thns  volume 
to  these  industries. 

It  is  worthy  of  note  that,  although  a  negligible  percentage 
of  softwood  requirements  for  "All  other  man'if acturing  industries" 
was  met  from  sugar  pine,  almost  118  million  board  feet  of  other  white 
pines  were  used  by  this  group  in  194-0.   The  principal  items  involved 
were  western  white  pine  for  match  blocks  (74  million  feet)  and  eastern 
white  TJine  for  caskets  and  toys  (16  million  feet). 

The  market  pattern  may  be  su^TEiariaed  by  grouping  together 
those  industries  where  sugar  pine  is  in  a  dominant,  co-dominant,  or 
subordinant  position  (table  5).  About  one-fourth  of  the  tabulated 
volume  of  manaf acturing  use  of  sugar  pine  falls  in  the  "dominant"  and 
"co-dominant"  groups.   In  view  of  the  very  definite  expression  of 
market  preference  for  white  pine  reflected  in  table  4,5  loss  of  a  sugar 
pine  supply  Y/ould  undoubtedly  be  of  serious  consequence  to  users  in 
these  groups.  Tho  volume  of  such  use  can  therefore  be  regarded  as  a 
rough  measu:"e  of  high  priority  market  requirements  for  the  species. 
In  1940  this  amounted  to  28  million  board  feet,  practically  all  of  it 
in  Clear  and  Shop  grades. 
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Tatle  5o-  Classification  of  narkets  for  siigar  pine 

in  iiianufac taring  iises 


Tyve  of  market 


194-0  Cons'g-TDtion 


S'osrar  pine        ;    OT,her  white  pine 


Million  ft.   bo   m. 


Sugar  pine  cominant 
Sugar  pine  co -dominant 
Sugar  pine  secondary 
Sugar  pine  negligible 

All  m.anuf acturing  markets^ 


24-  o4 

3.5 

9O06 

loO 


46  „  5 

7,2 

54.3 

124.6 


L9o5 


232.6 


•>^Excluding  box,  basket j,  and  crate  manufacture, 


Where  sugar  pine  occupies  a  secondary  position  in  the  market 
it  is  more  difficult  to  assess  market  "needs"  for  the  species  objec- 
tively. This  sector  involves  primarily  the  use  of  sugar  pine  for 
sash;,  door,  and  general  mlllwork  m.anuf acture„  For  this  p'jrpose, 
ponderosa  pine  and  Doi:!glas-f ir  are  the  doipinant  species.,  accounting 
for  52  percent  and  22  percent  of  1940  softwood  consumption  respectively. 
A  closer  exajnination  of  the  use  of  sugar  pine  in  this  line  of  manu- 
facture indicates  that,  despite  its  over-all  secondary  importance, 
sugar  pine  approaches  a  dominant  position  in  particular  m.arket  areas 
(fig.  4). 

Sugar  pine  is  in  a  very  strong  position  in  the  Northeastern, 
Lake,  and  siogar  pine  producing  states.   In  the  Middle  Atlantic  and 
Central  States  it  is  of  secondary  importance.  Elsewhere  (except  in 
Kansas)  it  is  a  negligible  factor  in  the  m^arket.  Using  the  same 
general  criteria  of  dominance  and  co-dominance  which  were  applied  in 
deriving  table  5,  sugar  pine  appears  in  a  co-dominanx  or  better  posi- 
tion with  respecx  to  the  sash,  door,  and  general  millwork  market  in  the 
following  states:  Minnesota,  Connecticut,  California,  Kansas,  Maine 
and  New  Hampshire. 

These  six  states  used  246  million  feet  b,  m.  of  softwood  lumber 
for  sash,  door  and  general  millwork  manufacture  in  1940  of  which  71 
million  feet,  or  29  percent,  was  sugar  pine.  This  figure  may  be  re- 
garded as  measuring  a  second  element  in  market  needs  for  the  species, 
of  lower  priority  than  that  required  for  other  manufacxuring  uses. 
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Mo   sugar  pine  used. 
0.1?  to  U.9%  sugar  pine. 
5.0?  to  19.9?  sugar  pine. 
20,0  or  more  percent   sugar  pine 


SUGAR  }  INE  USE  AS  A  PERCENT  OF  TOTAL  SOFTV.OGD   LUMBER  USE. 
SASH,   DOOR  AND  MIU^/TORK  MANUFACTURE,    1940..., 


FIGURE  U. 


Most  of  the  sugar  pine  used  in  the  manmactures  discussed  in 
the  preceding  paragraphs  is  of  shop  or  select  grades.   It  represents 
premium  quality  material.  Production  of  the  indicated  quantities  of 
these  grades  mil;,  of  course,  generate  corresponding  quantities  of 
lower  grade  lumber.  On  the  basis  of  50  percent  grade  recovery  in  shop 
and  selects,  the  estimates  of  minimum  market  needs  for  specialty  uses 
imply  total  minimum,  sugar  pine  needs  of  about  200  m^illion  board  feet 
per  year  under  1940  conditions.  Of  this  amount,  56  million  board  feet 
per  year  of  output  would  have  been  required  to  meet  the  need  for  upper 
grades  in  the  high  priority  manufacturing  uses. 

Supplies  of  White  Pine  Competitive  with  Sugar  Pine 

Although  it  has  become  of  increasing  relative  importance,  the 
supply  of  sug-ar  pine  lumber  has  always  represented  a  minor  portion  of 
total  white  pine  lumber  supply  when  measured  in  quantitative  terms. 
Despite  catastrophic  declines  in  its  production,  eastern  white  pine 
l\:imber  output  has  always  exceeded  that  of  other  white  pine  species, 
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except  for  the  decade  1931-194-0  when  western  white  pine  was  generally 
the  leader  (fig„  5)o 

As  implied  by  the  trend  of  the  production  data^  however, 
eastern  white  pine  seems  likely  soon  to  lose  its  leadership,  even  on  a 
quantitative  basis.  Of  the  three  major  white  pine  species  eastern 
white  pine  comprises  less  than  a  fourth  of  the  remaining  total  saw 
timber  supply,  and  western  white  pine  about  a  third  (table  6) ,  Forty- 
four  percent  of  remaining  white  pine  saw  timber  is  sugar  pine.  At 
1944  rates  of  output,,  New  England  and  Middle  Atlantic  States  saw- 
timber  represented  only  9.5  years  cut„  Comparable  figures  for  other 
areas  "were:   Lake  States^,  13.3  years;  western  v/hite  pine  region, 
55,7  years;  and  sugar  pine  region,  72 ,0  years „  Although  the  relation- 
ship suggested  by  these  figures  ignores  differences  in  regional 
gro^rth  rates  and  gives  no  credit  for  stands  which  are  now  of  less 
than  sawlog  size,  it  seem^s  highly  probable  that  eastern  white  pine 
must  lose  production  leadership  wixhin  a  relatively  few  years. 

Table  6o-  White  pine  saw  timber  supplies  in  the 
U.  S,  by  species  and  locationJ:/ 


(Volumes  in  billions  of  board  feet) 


Species  and 
location 


Eastern  white  pines 
New  England 
Middle  Atlantic 
Lake  States 
Other  areas 

Species  Total 


Saw  timber  vol^jj;e 


6.3 
2,3 
2.6 

1^ 
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Western  white  pine; 

North  Idaho  and  Montana 

Elsewhere 

Species  Total 


12,6 


17„1 


Sugar  pine; 

California 
Oregon 

Species  Total 

Grand  Total  —  All  white  pines 


19.5 


22.9 
52.5 


1/  Volijjnes  in  withdrawn  areas,  such  as  National  Parks, 
haAAe  been  excluded. 

Source;;  U,  S.  Forest  Service,  Washington,  D,  C. 
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Eastern  White  Pine 
Western  Vihite  Pine 
Sugar  Pine 


WHITE  FINE   LUMBER   PRODUCTION   DJ  THE  U.   S.,   BY  SPECIES,   1889  -  1%6. 
Source:   U.  S.   Census  Bureau  and  Forest  Service  production  surveys.. 


On  a  quality  basis,  sugar  pine  lumber  supplies  have  been 
relatively  much  more  important.  Since  the  turn  of  the  century, 
eastern  white  pine  production  has  been  increasingly  from  second 
gro\!rth  and  low  grade  residual  stands.  Data  on  percentages  of  out- 
put currently  recovered  in  various  lumber  grades  are  not  available 
for  the  eastern  white  pine  regions.  But  a  study  of  grade  recoveries 
from  butt  logs  of  eastern  white  pine  trees  cut  in  New  England  in  the 
middle  1930 's  showed  that  86  percent  of  the  board  foot  volume  was  in 
#2  Common  or  poorer  grades.  Only  one  and  one-half  percent  of  the 
total  was  in  Select  or  better  grades „ 

In  contrast;  grades  and  woods  reports  of  the  Western  Pine 
Association  indicate  about  18  percent  of  western  white  pine  and  22 
percent  of  sugar  pine  is  recovered  in  Select  or  better  grades.  In 
addition,  about  2,5  percent  of  the  lumber  yield  from  western  white 
pine  and  27  percent  of  that  from  sugar  pine  is  in  Shop  grades.  If 
these  percentages  are  representative,  sources  of  white  pine  supply, 
by  grade  groups,  looked  something  like  this  in  1945 » 
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Grade  Group 

Percent 

of  total  su'dtdI'V 

frora  - 

Western  white 

Eastern  white 

Su£:-ar  pine 
48 

pine 

uine 

Total 
100 

Selects 

43 

9 

Shop 

91 

9 

0 

100 

Common 

9 

16 

75 

100 

All  Grades 

16  » 

17 

67 

100 

Thus, 

despite  the  fact 

that  sugar  pine 

ra: 

iked  third  among- 

white  pine  species  in  total 

product  ion,  it  dornint 

ited  the  market  supply      | 

of  Select  and 

Shop  lumber „ 

It  seems  clear  that,  so  long:  as  old  growth  stands  hold  out, 
sug:ar  pine  will  remain  the  principal  source  of  high  quality  material. 
But  the  situation  may  be  less  favorable  for  the  long  run  period  with 
which  the  problem  of  blister  rust  control  is  concerned.   In  this 
tim.e^  high  quality  stands  of  old  growth  timber  in  the  West  will  have 
mostly  been  cut „  All  producing  regions  will  be  relying  on  second 
growth  stum.page.  Supplies  of  select  white  pine  luml'er  will  be  limited 
to  what  can  be  produced  through  silvicultural  practice.  Shop  grades, 
as  now  conceived,  will  probably  no  longer  be  produced  in  quantity. 

Under  such  circumstances,  eastern  white  pine  may  again  play  a 
more  prominent  role  in  the  quality  lumber  market.  The  major  factors 
which  will  determine  the  source  of  quality  white  pins  timber  will 
probably  then  be  the  relative  rates  at  which  white  pine  can  be  grovm 
in  different  regions,  the  area  available  for  such  growt>h,  the  costs  of 
silvicultural  practices,  and  the  extent  to  which  different  regions 
have  maintained  a  high  quality  white  pine  growing  stock. 

Precise  evaluation  of  the  lorig-rim  comparative  advantag'e  of 
different  white  pine  producing  regions  cannot  be  made.  But  certain 
regional  differences  can  be  recognized  on  the  basis  of  the  criteria 
listed  above.  Rates  of  growth  are  slower  in  the  Northeast  and  Lake 
States  than  they  are  in  California  or  in  the  western  white  pine 
region  of  Idaho,  On  the  other  hand,  the  areas  in  eastern  white  pine       „ 
types  account  for  about  two-thirds  of  all  white  pine  acreage  in  the        lU 
United  States  (table  7), 
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Table  7,-  Forest  land  areas  in  white  pine  types 

in  the  United  States 


Type  and  location j Area °   Percent 

(Millions  of  acres) 

Eastern  white  pine  types s 

Northeast  .  7.0  33.6 

Lake  States  2,0  9.6 

Southern  Appalachian  4..$  21.6 

Total  Eastern  white  pine  types  _  13 » 5  6-4.8 

Western  white  pine  types,  3.7  17,9 

Sugar  pine  types: 

California  3.1  14.9 

Oregon  0.$  2.4- 

Total  sugar  pine  types  3.6  17.3 

Grand  Total  All  white  pine  types  20,8  100.0 


Source o   Office  of  Blister  Rust  Control 


With  respect  to  costs  of  silvi cultural  practices,  sugar  pine 
appears  to  he  at  a  disadvantage  because  of  difficulty  in  establishing 
it  and  of  the  need  for  continued  treatments  to  free  it  from  competition 
of  other  species.  An  additional  element  in  costs  stems  from  the  fact 
that  both  eastern  and  western  white  pine  can  ordinarily  be  grown  in 
stands  which  approach  pure  white  pine  type  much  m.ore  closely  than  can. 
sugar  pine.  As  costs  of  blister  rust  control  are  not  materially 
affected  by  the  proportion  of  white  pine  in  the  stand,  costs  per 
thousand  feet  of  white  pine  produced  will  be  less,  other  things  being 
equal,  for  areas  with  a  high  percentage  of  white  pine  in  the  stand 
than  for  areas  with  a  low  percentage.  This  factor  is  probably  offset 
only  in  part  by  heavier  total  voliimes  per  acre  obtained  in  sugar  pine 
t:/pes , 

Unlike  the  Northeast  and  the  Lake  States,  California  and  the 
Inland  Empire  are  still  in  a  position  to  convert  considerable  portions 
of  their  white  pine  stands  to  high-quality  forest  growing  stock  at  com- 
paratively low  cost.   In  eastern  white  pine  areas,  significant  volumes 
of  high-quality  growing  stock  will  only  be  achieved  after  heavy  invest- 
ment in  stand  rehabilitation  and  a  very  long  period  of  waiting.   In- 
much  of  the  West  we  still  have  a  large  volume  of  good  growing  stock 
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on  the  ground  and  are  in  a  position  to  add  to  it  at  eoipparatively  low 
cost  by  proper  methods  of  cutting  in  remaining  virgin  stands.  This 
advantage  is  undoubtedly  of  paranount  importance  at  the  present  time. 
But  it  is  being  dissipated  so  long  as  irianagesent  practices  m  use  in 
the  woods  fall  short  of  those  necessary  to  :p.aintain  a  high  grade  sugar 
pine  stand. 

In  suTi!..,  the  long  run  outlook  for  white  pine  supplies  indicates 
that  because  of  favorable  rates  of  growth  and  relatively  undepleted 
condition  of  growing  stocky,  the  sugar  pine  region  should  be  able  to 
compete  successfully  with  other  areas  of  white  pine  production^ 
provided  existing  old-gro'w.'th  stands  are  cut  with  the  definite  objective 
of  maintaining  s'ogar  pine  growing-  stock. 

The  Long-run  Market  Outlook 

Lumber  markets  have  always  been  characterized  by  a  high  degree 
of  competition,  both  between  different  species  cf  wood  and  between 
lumber  and  nonwood  substitutes o  Under  such  circumstances,  continuity 
of  supply  is  essential  to  maintenance  of  the  market  for  any  given 
lumber  item„  Reductions  in  the  available  supply  of  s'ugar  pine  will;,  if 
extended  over  a  period  of  yearS;,  lead  to  general  adoption  of  other 
species  or  other  ma.xerial3  by  important  segments  of  the  present  sugar 
pine  markets  Once  loGt^,  many  of  these  markets  would  be  extremely  dif- 
ficult to  reestablish  even  if  the  supply  of  sugar  pine  improved.  New 
patterns  of  bu7/er  preference  would  have  become  established  whiich  would 
mitigate  against,  rather  than  favor,  the  use  of  siig&r   pine. 

In  other  words,  an  important  determinant  of  long-rim  siigar  pine 
requirements  will  be  the  future  course  of  s^jg-ar  pine  supplies.  If 
these  supplies  can  be  maintained  at  present  levels,  future  require- 
ments will  be  larger  than  if  a  period  of  reduced  supplies  must  intervene 
before  the  full  effects  of  timber  management  policies  can  make  them- 
selves felto 

Adequacy  of  Prospective  Sugar  Pine  Supplies 

Existing  S'jgar  pine  stands  (table  H)  appear  barely  adequate  to 
maintain  supplies  through  the  necessary  period  of  transition  to  a 
managed  basis. 

During  the  past  two  decades^  an  average  of  250  million  board 
feet  of  sugar  pine  has  been,  cut  each  yea:r„  The  existing  available 
stand  of  almost  21  billion  board  feet  could  sustain  this  average  cut 
for  about  85  years.  Detailed  analysis  has  not  been  made,  but  it  seems 
likely  that  future  gro'wrth  on  joung   and  residual  stands  would  provide 
enoijgh  additional  supply  to  maintain  output  at  the  250  million  feet  per 
year  level  for  at  least  an  additional  twenty  years. 
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Table  8.-  Sugar  pine  saw  tiiriber  volumes 

(as  of  January  1,  1945) 
(in  billion  ft,  b.  m.  ) 


California  ;;  Qregonl/  :   Total 


Total  saw  timber 
Available  saw  timber 

Old  growth  stands 

Young  growtli  and  residual  stands 


21.0 

17  „  4 

13.6 

3,8 


3,5 
3.4 
2.9 
0.5 


24.5 

20.8 

16.5 

4.3 


1/  Data  supplied  by  Pacific  Northwest  Forest  and  Range  Experi- 
ment Station. 


Ability  to  maintain  sugar  pine  supplies  during  the  period  re- 
quired to  build  up  a  satisfactory  sugar  pine  growing  stock  may  thus 
be  one  of  the  roost  critical  factors  in  determining  future  sugar  pine 
requirements.  There  are  numerous  indications  that  saw-timber  drain 
from  California  pine  forests  is  likely  to  be  maintained  during  the 
next  few  decades  at  considerably  higher  levels  than  those  experienced 
in  the  past.  If  so,  and  if  sugar  pine  comprises  a  normal  proportion 
of  this  drain,  the  old-growth  reserve  of  the  species  will  be  used  up 
in  considerably  less  than  the  85-year  period  indicated  above,.  Unless 
management  prograiiis  are  adequate  to  insure  future  supplies  by  the  time 
the  old-growth  sugar  pine  sxand  has  been  removed,  future  market  require- 
ments nay  fall  far  below  what  current  conditions  would  otherwise  indi- 
cate. 

The  foregoing  analysis  implies  the  need  for  a  blister  rust 
control  program  designed  to  protect  old -growth  stands  to  the  extent 
necessary?"  to  permit  orderly  liquidation  of  existing  virgin  sugar  pine. 
If  blister  rust  were  not  controlled,  it  seems  probable  thax  heavy 
losses  of  virgin  timber  would  occur  within  35  to  50  years.  In  order 
to  avoid  such  losses  it  would  be  necessary  to  liquidate  the  old  growth 
stand  much  more  rapidly  than  would  be  consistent  with  perpetuation  of 
sugar  pine  supplies.   It  is  conceivable  that  such  liquidation  might  be 
forced  to  the  point  where  high  grade  sugar  pine  was  being  cut  in  gr'eater 
volume  than  norm.al  specialty  markets  could  absorb. 

The  prospect  of  such  a  situation  justifies  enough  blister  rust 
control  in  old  growth  stands  to  keep  damage  to  virgin  timber  be  low- 
levels  which  would  lead  to  accelerated  liquidation.  Such  a  prograin 


-21- 


would  probably  involve  careful  selection  of  those  areas  of  virg-in  timber 
which;,  at  normal  rates  of  cutting,  would  not  be  harvested  until  after 
significant  blister  rust  losses  had  been  incurred,  and  adoption  of 
adequate  control  efforts  in  such  areas o  The  costs  of  such  a  program 
could  logically  be  charged  entirely  to  the  virgin  stand „ 

Prospective  Trends  in  Sugar  Pine  R.equirements 

The  preceding  analysis  of  sugar  pine  consumption  has  provided 
at  least  a  rough  basis  for  evaluating  past  minimim  market  needs  for 
the  species.  When  we  look  to  the  future,  however,  we  are  on  much  less 
certain  groundn  particularly  when  we  take  into  view  the  lengthy  period 
of  sugar  pine  production  which  is  an  essential  element  in  the  blister 
rust  problem..  About  all  we  can  do  is  to  point  out  the  major  factors 
which  ma'y   cause  changes  in  present  levels  of  need,  and  indicate 
wherever  possible  the  probable  future  trends  of  these  factors. 

An  irr^ortant  variable  affecting  quantities  of  sugar  pine  needed 
at  any  time  is  the  general  level  of  economic  activity  and  manufacturing 
output  in  the  country.  National  income  (adjusted  to  a  dollar  of  con- 
stant purchasing  power)  provides  a  convenient  index  of  the  general  level 
of  economic  actirity.  From.  1660  to  1910  real  national  income  doubled 
about  every  20  years.  From  1910  to  the  present  it  has  doubled  about 
every  30  years.   In  the  light  of  this  a  further  doubling  between  1940 
and  the  end  of  the  present  century  would  seem  a  conservative  assump- 
tion, particularly  in  view  of  war-time  experience  with  income  and  out- 
put. This  would  mean  a  m,inim.um.  national  income  of  $150  billion  in 
194-0  prices  to  be  achieved  by  the  year  2000. 

We  cannot  of  course  predict  the  effect  of  such  an  expansion  in 
production  on  sugar  pine  markets.  We  can  say  with  som,e  assurance ,  how- 
ever, that,  in  the  absence  of  co'untervailing  factors,,  such  a  doubling 
of  real  incom.e  will  have  a  very  pronounced  expansive  influence  on  them.. 

Current  trends  in  population  growt.h  and  industrial  development 
are  tending  to  build  up  markets  close  to  areas  of  sugar  pine  production 
faster  than  in  areas  of  older  economic  development  where  the  species 
is  at  a  competitive  disadvantage.  There  is  every , evidence  to  indicate 
that  these  trends  will  continue  to  operate  for  a  long  time  to  com.e. 
Insofar  as  they  do,  they  will  exert  a  further  expansive  influence  on 
S'jgar  pine  markets, 

Anotne.r  factor  likely  to  be  important  reflects  the  reduction  in 
tree  quality  that  will  inevitably  accompany  liquidation  of  existing 
virgin  stands ,  Ae  m.ore  and  more  of  the  total  s^jgar  pine  cut  comes  from 
second  growth,  the  percentage  of  Imnber  recovered  in  upper  grades  will 
fall  below  current  yields  from  old-growth  timber  (estimated  at  50  per- 
cent) ,  Future  recoveries  of  upper  grades  are  unlikely  to  exceed  35 
percent ^of  total  cut.  Under  such  circumstances  a  larger  vol'ume  of 
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standing  xisber  ^rlll  be  required  to  meet  given  needs  for  high  quality 
materials  For  example^  xo  meex  the  "iDiniD^jir.  1940  narket  need"  for 
quality  material  (estimated  at  100  iriillion  feet)  would  then  require 
production  of  285  million  feet  of  sugar  pine  timber,  or  40  percent  more 
than  was  required  for  production  of  the  same  amount  of  quality  material 
in  1940. 

Offsetting  this  are  other  trends  which  lead  to  a  reduction  in 
wood  use„  Two  major  trends  of  this  sort  should  be  considered.  One 
involves  the  development  and  use  of  some  new  material  to  replace  wood 
in  a  given  use.  Development  of  such  substitutes  depends  on 
technological  change  and  cannot  be  forecasted.  About  all  we  know  is 
that  the  rate  of  such  change  as  it  affects  use  of  s'ugar  pine  will 
certainly  be  influenced  by  relative  prices  for  sugar  pine  liM.ber„   If 
increasing  scarcity  of  sugar  pine  leads  to  significantly  higher  real 
prices  for  the  species  than  those  experienced  in  the  past  we  may  well 
expect  more  substitution.  On  the  other  hand^  in  considering  the 
likelihood  of  this  possibility,  it  should  be  borne  :n  mind  that  m.any 
potential  substitutes  are  derived  from  sources  of  supply  which  are 
definitely  limited ,  For  example,  as  lime  goes  on  and  our  metal  reserves 
are  reduced,  the  tendency  to  replace  wood  by  certain  metals  could  con- 
ceivably be  reversed.  Because  of  its  high  quality  sugar  pine  may  be 
one  of  the  first  woods  to  profit  from  such  a  development « 

A  second  factor  which,  in  the  past,  has  resulted  in  a  decline  in 
wood  use,  has  been  a  shift  in  the  market  away  from  certain  types  of 
goods  in  which  wood  is  an  important  components  Residential  construction 
is  an  outstanding  example  „  Slowing  do^'jvn  of  population  growth  simply  re- 
duced the  aggregate  size  of  the  housing  market.  This  factor  seem.s 
likely  to  continue  to  operate  as  population  stabilizes „  However,  there 
are  few  uses  outside  of  the  residential  construction  field  where  this 
type  of  thing  seem.s  likely  to  occur,  and,  as  noted  above,  sugar  pine 
provides  only  a  sm.all  proportion  of  total  lumber  consumed  in  construc- 
tion. 

In  sunsiiary,  the  long  run  demands  for  sugar  pine  will  be  largely 
the  resultant  of  a  powerful  expansive  force  generated  in  response  to 
normal  gromh  of  the  national  economy,  an  increase  in  prices  due  to 
reduced  white  pine  supplies,  and  certain  unpredictable  but  probable  re- 
ductions in  the  market  resulting  from,  substitution  and  changes  in  the 
character  of  hum.an  wants.   In  the  face  of  these  conflicting  trends,  if 
an  estimiate  of  future  sugar  pine  requirem.ents  must  be  made,  it  seems 
proper  to  place  the  figure  somewhat  above  the  estim^ated  1940  minimum 
needs.  An  estimate  of  250  million  board  feet  total  araiual  needs  by  the 
year  2000  appears  reasonable.  Of  this,  perhaps  70  million  feet,  most 
of  it  high  quality  material,  would  be  required  to  supply  manufacturing 
industries  where  sugar  pine  now  holds  a  key  position  in  the  market. 

For  a  number  of  reasons,  these  appear  to  be  conservative  goals. 
Assuming  that  oijt  estimate  of  general  economic  growth  is  approximately 
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eorrsct;,  xhe  goals  iinply  that  onlv  half  as  much  quality  sugar  pine  will 
he  required,  for  a  given  volume  of  economic  activity,  as  was  used  in  1940. 
The  goals  .Take  no  allowance  for  the  possibility  that  sugar  pine  may  be 
called  on  to  meet  demands  for  needs  no'v  being  filled  by  other  white  pine 
species „  which  may  prove  less  able  to  compete  under  the  handicap  of  blister 
rust  control  than  sugar  pine  itself.  They  make  no  allowance  for  expansion 
of  wood  use  in  currenxly  unimportant  lines  of  consumption.  Finally,  they 
make  no  allo'-rance  for  the  very  considerable  market  development  which  may 
take  place  in  respcnes  to  improved  methods  of  wood  utilization,  and 
f'virdam.ental  ad'/artce^  in  wood  techxnolog5''o 

Available  evidence  suggests  that  market  demands  for  sugar  pine 
7;ould  equal  or  exceed  the  250  million  foot  level,  older  conditions  of 
full  e::plo^/:i:entj  3'"en  in  the  face  of  an  increase  in  real  prices  of  sugar 
pine  uppers  equal  to  a  quarxer  or  more  of  current  values. 

Trends  in  Sug-ar  Pine  Values 

Sturx-age  Prices 

Average  sfcumpage  price  data  for  sugar  pine  and  other  species  in 
California  are  available  for  D.ost  of  the  last  quarter  century.  Caution 
m.u.3t  be  used  in  interpreting  such  data,  however,  because  average  stumpage 
prices  are  based  on  quotations  covering  widely  differing  timber  tracts. 
The  prices  reflect  differences  in  quality  and  accessibility,  as  well  as 
differences  in  basic  values.  For  this  reason^  the  data  are  primarily  of 
use  in  stvidying  long  run  relationships,  where  quality  and  accessibility 
factors  ma^y  tend  to  average  cut.  Year-to-year  comparisons  probably  have 
little  meaning. 

Date:  on  average  prices  of  both  private  and  public  stumpage  sales 
have  been  analyzed.  As  major  movem.ents  of  boxh  sets  of  sugar  pine 
st'imp'age  values  are  usually  consistent,  the  price  series  for  public 
stirnpage  will  be  used  in  further  analysis  because  m.ore  complete  data  are 
available  covering  such  transactions. 

Long  run  trends  in  values  should  be  meas-ured  in  terms  of  dollars 
of  constant  purchasing  po'i,?er.  Price  changes  which  merely  reflect  general 
ii'iflationary  or  deflationary  developm.ents  are  not  significant  in  evaluating 
the  long  run.  market  outlook.  Therefore;  stumpage  prices  reported  for 
National  Forest  tim.ber  sales  were  converted  into  "real"  prices  in  terms 
of  1926  dollars  (fig,  6), 

The  year-to-year  variations  in  average  real  stumpage  prices  have 
been  very  large.  But  it  should  be  remembered  that  these  are  due  in  part 
to  year-to-year  variations  in  quality  and  accessibility  of  timber  sold. 
Despite  xhess  fluctuations,  the  data  give  a  definite  indication  of  an 
upward  trend  of  about  8  percent  per  decade  in  the  real  price  of  sugar 
pine . 
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FIGURE  6.   WEIGHTED  AVERAGE  ANNUAL  SUGAR  PINE  STUMPACE  PRICES  IN  CALIFORNIA  NATIONAL  FOREST  TIMBER  SALES, 

1910  -  19i*6. 
(Adjusted  to  dollars  of  constant  purchasing  power.     Base  Year  n  1926.) 


1910  1915  1920  1925  1930  1935  1940  1945 

FIGURE  7.  AVERACE  ANNUAL  PONDEROSA  PINE  AND  WHITE  FIR  STUMFAGE  PRICES  AS  A  PERCENT  OF  SUGAR  PINE  PRICE. 


From  the  standpoint  of  problems  of  sugar  pine  management  and 
blister  rust  control^  the  amount  and  trend  of  the  stum.page  price  dif- 
ferentials between  sugar  pine  and  other  species  competing  for  the  same 
site  is  just  as  important  as  the  general  trend  of  stumpage  prices  as  a 
whole.  To  avoid  the  bias  which  enters  into  a  simple  comparison  of 
weighted  average  prices,  the  data  for  248  National  Forest  timber  sales 
of  mixed  species  including  sugar  pine,  covering  1.5  billion  feet  of 
sugar  pine  timber,  were  analyzed  in  the  following  way.  For  each  sale, 
stumpage  prices  of  each  species  were  expressed  as  a  percentage  of  the 
stUiTipage  price  of  sugar  pine  applicable  to  that  sale.  Annual  average 
percentages  were  then  calculated  by  weighting  the  percentage  for  each 
sale  by  the  volum.e  of  sugar  pine  included  in  the  sale.  The  resulting 
figure  expresses  the  average  percentage  relationship  between  sugar  pine 
stujupage  values  and  those  of  other  species  (fig.  7)  . 
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Fcr  the  37-ysar  period  1910-1946  the  observed  stumpage  price 
differentials  have  been  rather  consistent.   (In  the  years  of  widest 
deviation  frori  trend,  siich  as  1911,  1914.,  1928  and  1931,  relatively 
small  vol'JiiT-as  of  s^agar  pine  were  sold) ,  For  all  24-8  sales  in  the 
period,  the  ponderosa  pine  stnmpag-e  price  averaged  76.5  percent  of  the 
sugar  pine  stinnpege  price.  Fir  averaged  20.8  percent. 

There  was  a  small  b^jit  recognizable  tendency  for  the  differential 
favoring  sugar  pine  to  increase  with  respect  to  both  ponderosa  pine 
and  fir.  From  1910  to  1919,  ponderosa  pine  prices  averaged  78.3  per- 
cent of  s^igar  pine,  but  by  1940-1946  they  averaged  only  74.6  percent. 
D'cxing   the  same  inter'-al,;  the  corresponding  percentages  for  fir  fell 
fron  20,5  to  16„9«   In  connection  with  the  latter  species  it  should  be 
noted  that  fros  1925  to  1942  almost  all  National  Forest  timber  sales 
were  made  at  the  minirairr,  statutory  price  of  i„50  per  M.  This  has  the 
effect  of  increasing  the  ratio  of  fir  to  sugar  pine  prices  during  this 
period  above  what  it  wcold  have  been  in  the  absence  of  a  floor  under 
fir  prices. 

Although  the  evidence  is  thus  fairly  convincing  that  the 
stuirrpage  price  differential  between  sugar  pine  and  other  species 
competing  for  the  site  has  widened,  the  rate  at  which  the  spread  has 
increased  in  the  past  has  been  so  sro.all  as  to  be  of  little  practical 
significance.   In  the  case  of  fir,  the  last  four  years  have  seen  a 
steady  reduction  of  the  differential,  but  it  may  be  premature  to 
interpret  this  as  a  reversal  of  the  long  tine  trend, 

Lurber  Prices 

Tne  average  value  of  lumber  at  the  mill  has  been  tabulated 
amually  by  tLie  Census  Bureau  for  major  species  cut  in  California 
since  1906,  Sucn  average  values  are  much  less  subject  to  bias  than 
average  stiji-ipage  prices  and  are  therefore  useful  as  an  index  of 
changes  in  lujiiber  prices. 

On  the  basis  of  such  data  (fig,  8),  sugar  pine  lumber  values 
rose  a  little  faster  during-  the  period  1906-1943  than  did  those  of 
associated  species.  Comparisons  of  5-year  average  values  for  the 
periods  1906-1910  with  those  for  - 1939-1943  showed  an  increase  of  98 
percent  for  sugar  pine.,  89  percent  for  ponderosa  pine,  and  92  percent 
for  white  fir. 

The  pattern  of  price  movements  was  much  the  same  for  all  three 
species.  All  three  rose  rapidly  from  1916  to  1920  and  then  declined 
more  slowly  urrfcil  1933.  D^uring  the  1920-1935  period  sugar  pine  values 
were  better  maintained  than  were  those  of  the  associated  woods.  By 
1935,  sugar  pine  was  still  almost  75  percent  above  its  pre-war  value. 
Ponderosa  pine  was  up  onlj;-  about  a  third  and  white  fir  a  quarter. 
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FIGURE  8,    AVERACE  VALUE  AT  MILL  OF  SUGAR  PINE,  PONDEROSA  PINE  AND  WHITE  FIR  LUMBER  IN  CALIFORNIA, 

1899  to  I9/»3. 

However,  the  price  rise  following  1939  affected  the  latter  two  species 
more  strongly  than  it  did  sug-ar  pine,  so  that  hy  1943  pre-World  War  I 
value  relationships  between  the  three  species  had  aLuost  been  restored. 

Lumber  value  differentials  between  sugar  pine  and  other  species 
showed  significant  movements  from  1906  to  194-30   The  average  value  of 
pcnderosa  pine  lumber  declined  from  about  90  percent  of  sijgar  pine  value 
in  1906  to  about  65  percent  in  1925 .  Since  the  latter  year  the  trend 
has  been  toward  a  narrowing  differential  between  the  two  species. 
Dui'ing  World  War  II  pnnderosa  pine  values  held  steady  at  about  85  per- 
cent of  sugar  pine  lujinber  values.  Differentials  between  white  fir  and 
sugar  pine  declined  still  more  sharply  in  the  1906-1925  period.  White 
fir  values  were  about  80   percent  of  sugar  pine  values  in  1906,  but 
declined  to  less  than  45  percent  by  1925.  Since  then  the  differential 
has  displayed  the  same  up\?ard  trend  shown  by  ponderosa  pine ,  Dijring 
the  war  the  average  value  of  white  fir  lumber  had  recovered  to  almost 
70  percent  of  that  of  sugar  pine. 

The  lujnoer  value  differentials  display  somewhat  the  sam.e  trends 
as  did  the  stuinpage  value  differentials.  The  principal  difference  is 
that  vhite  fir  stuinpage  prices  tend  to  bear  a  much  smaller  ratio  to 
sugar  pine  stumpage  prices  than  do  lumber  values  of  the  two  species. 
This  is  easily  explained  on  the  basis  of  the  residual  character  of 
stumpage  values.   It  probably  means  that  further  increases  in  the  general 
level  of  stumpage  prices  will  lead  to  a  narrowing  of  the  percentage 
differential  between  fir  stumpage  and  pine  stumpage,  evp'n  though  lumber 
prices  of  the  various  species  retain  their  present  relative  positions. 
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T he  long  R-cn  Q-'ztioo'K   for  3t.u.7ipage  Prices 

The  opiniorx  of  svigScV   pine  producers  and  of  others  well  informed 
in  zhe   field  provides  the  best  goiide  to  the  long  run  price  and  market 
oiiilook  for  £'u.gar  pine,  A  recent  sampling  of  such  opinion  showed  agree- 
ment that  the  trend  of  real  prices  of  upper  grades  of  sugar  pine  will 
probably;  he  upi.vard  for  a  long  time  to  coma.  The  operators  also 
anticipated  increases  in  the  real  price  of  common  grades,  althoug-h 
these  ^vere  expected  to  be  less  than  the  increases  for  clear  lumber.   It 
is  expected  that,  grade  for  grade,  prices  of  sugar  pine  uppers  will  rise 
m.ore  rapidly  than  those  of  the  associated  species. 

Extension  of  the  long  run  trends  of  real  lumber  v'alues  discussed 
in  the  preceding  section  would  support  this  consensus  of  industry- 
opinion  „ 

Operators  also  expected  a  continued  general  rise  in*st"ampage 
prices „  There  was  a  diversity  of  opinion  as  to  whether  sugar  pine 
would  rise  more  rapidly,  at  about  the  sam.e  rate,  or  less  rapidly  than 
other  species „  Others  felt  that,  as  virgin  timber  is  cut  out,  sugar 
pine  would  lose  some  of  its  present  price  adA^antage  over  other  species 
because  of  a  general  reduction  in  the  quality  of  stvjnpageo 

Tne  his-oorical  stuiopage  price  data  previously  cited  provide 
good  evidence  in  support  of  this  anticipated  further  increase.  They 
also  suggest  that  the  question  of  changes  in  st^umpage  price  dif- 
ferentials between  s'-igar  pine  and  associated  species  may  be  of  little 
practical  ir.Tp;ortanGe  because  of  the  very  slow  rate  at  which  such 
chan^'es  have  taken  place  in  the  past. 

On  tne  basis  of  this  evidence,  it  seems  reasonable  to  conclude 
that  the  future  price  relationships  involved  in  growing  sugar  pine  may 
be  more  favorable  than  those  which  prevail  at  present.  It  suggests 
that;  by  the  time  mianaged  stands  of  young  sugar  pine  m.ature,  returns 
will  be  sufficiently  high  to  offset  m.anagement  costs  substantially 
above  those  which  would  appear  justifiable  in  the  light  of  current 
stumpage  returns. 

The  Cost  Elemtents  in  Growing  Sugar  Pine 

Detailed  records  of  costs  ,of  growing  sugar  pine,  based  on  proven 
silviciltural  practice  are  not  yet  available „  But  the  weight  of  past 
experience  indicates  that  careful  treatment  is  essential  if  a  crop  of 
sug-ar  pine  is  to  be  established,  protected  from  natural  hazards,  and 
carried  through  to  maturity.   Intensive  managem.ent  must  go  hand  in  hand 
with  intensive  protection  against  blister  rust  if  satisfactory  sugar 
pine  yields  are  to  be  obtained  at  reasonable  cost. 


-<itt- 


Management  Costs 

In  contrast  with  management  of  other  species  competing  for  the 
site^,  s-u^ar  pine  management  may  prove  more  expensive  "both  because  of 
greater  difficulty  in  securing  satisfactory  regeneration,  and  because 
of  the  need  for  additional  cultur'al  measures. 

Where  seed  trees  are  used,  sugar  pine  regeneration  may  be  more 
costly  than  that  of  either  ponderosa  pine  or  the  firs  because  seed 
trees  must  be  larger,  with  consequent  greater  carrying  charges.   In 
addition,  for  adequate  stocking  of  an  area  of  given  size,  more  sugar 
pine  seed  trees  must  be  left  because  fewer  seeds  are  borne  per  tree, 
seed  flight  range  is  shorter^  and  a  smaller  proportion  of  seed  escapes 
natural  hazards  to  germination.  Planting  with  sugar  pine  is  also 
likely  to  be  more  expensive  than   planting  with  ponderosa  pine  because 
of  greater  costs  of  seed  and  planting  stocky,  and  of  lower  field 
survival.  Additional  expenditures  will  probably  be  necessary  to 
protect  sugar  pine  seed  from  squirrels  and  other  rodents,  which 
display  a  preference  for  sugar  pine  seed. 

Where  sugar  pine  is  associated  with  white  fir,  young  sugar  pines 
will  have  to  be  released  from  competition  to  insure  retention  of  sugar 
pine  in  xhe  stand  until  tim.e  of  harvest  „  Because  sugar  pine  height 
growth  is  less  rapid  than  that  of  white  fir,  two  extra  thinnings  will 
probably  be  required  to  maintain  sugar  pines  in  a  dominant  position 
until  they  are  nature. 

Even  in  Yrell-stocked  stands,  sugar  pine  clears  its  trunk  of 
branches  by  self -priming  only  after  a  long  period  of  time.  As  the 
value  premium  from,  sugar  pine  is  largely  based  on  the  production  of 
Shop  and  Select  grades  of  l^omber,  pruning  is  essential  in  order  to 
secjre  a  reasonable  proportion  of  knot -free  luzrfoer  at  maturity.  Un- 
less pruning  is  done,  the  other  extra  expenditures  involved  in 
establishing  and  protecting  the  species  will  be  largely  wasted  in  the 
production  of  common  boards.  We  have  already  seen  that  common  grades 
of  sugar  pine  are  unlikely  to  command  any  value  premium  over  comparable 
grades  of  ponderosa  pine,  which  can  be  gro^ijvn  at  much  less  expense. 

The  Impact  of  Blister  Rust  3ontrol  Costs 

Before  the  war,  the  cost  of  ribes  eradication,  although  variable, 
averaged  from  four  to  five  dollars  per  acre ,  But  since  194-0  increasing 
wages  and  price  levels,  shorter  work  weeks  and  operating  seasons, 
generally  lower  quality  and  less  productive  labor,  and  higher  standards 
of  cai'np  construction,  sanitation,  and  equipm.ent  have  all  tended  to  in- 
crease costs.  By  1946,  the  average  cost  of  ribes  eradication  m  Cali- 
fornia was  almost  Sl6  per  acre  worked. 
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"■ut  the  behavio'-ir  of  blister  rust  control  costs  carjiot  readily 
be  grasped  in  terms  of  broad  averages,  Pnj   disturbance  to  the  ground, 
such  as  logging  or  fire;,  causes  a  large  and  immediate  increase  in  the 
ribes  population^,  the  size  and  persistence  of  which  vary  with  the  site 
and  other  factors,  Thus^,  all  areas  under  forest  management  suffer 
disturbances  from  time  to  time  which  result  in  ribes  regeneration  and 
require  intensive  ribes  suppression  work.  Costs  for  any  given  area 
will  depend  on  the  number,  timdng,  and  s.everity  of  such  fire  and  logging 
dist^jrbances,  and  on  local  biological  factors  such  as  site  and  type, 
which  condition  the  ribes  response. 

For  a  given  forest  type,  site,  and  total  timber  stocking-,  the 
costs  per  acre  of  blister  rust  control  are  largely  independent  of  the 
amC'Unt  of  sugar  pine  which  is  present.  Thus,  total  control  costs  will 
be  about  the  same  regardless  of  whether  the  stand  contains  5  percent 
or  50  percent  sug'ar  pine  if  other  conditions  are  identical.  As  the 
entire  cost  of  control  must  be  charged  to  the  sug-ar  pine  yield,  it  is 
apparent  that  the  degree  of  sug:ar  pine  stocking  will  have  a  profound 
effect  on  the  cost  per  thousand  board  feet  of  sugar  pine  production. 

Moreover,  opportijnities  for  reducing  unit  costs  by  increasing 
the  percentage  of  sug-ar  pine  in  the  stand  are  distinctly  limited  by 
the  silvical  possibilities  of  the  forest  types  in  which  sugar  pine 
occurs.  Although  it  is  possible  that  with  intensive  managemient 
practices  the  sugar  pine  component  may  be  raised  above  35  percent  of 
the  total  stand,  without  intensive  management  the  proportion  of  sug-ar 
pine  mil  undoubtedly  be  much  less. 

Some  idea  of  the  significance  of  this  factor  for  economical 
sug-ar  pine  production  can  be  gained  from,  the  following  illustration. 
A  rough  estimate  indicates  that  for  high  site  sugar  pine — fir  areas, 
a  cash  outlay  of  about  $55  per  acre  (at  current  levels  of  cost)  Fiay  be 
required  for  blister  rust  control  measures  over  a  100  year  period  of 
converting  the  old-g-rowth  stand  into  a  managed  growing  stock.  This 
expenditure  will,  of  course,  be  spread  over  several  decades.  P   con- 
siderable part  of  it  may  well  be  considered  as  a  permanent  investment 
in  land  improvem.ent  and  not  subject  to  depreciation.  But  a  substantial 
proportion  still  must  ultimately  be  charged  to  the  new  sugar  pine  crop. 
Total  yields  from,  such  an  area  may  approach  55  M  board  feet  per  acre  if 
adequate  stocking  has  been  maintained.  If  only  35  percent  of  this  yield 
is  likely  to  be  s-'igar   pine,  the  cash  outlay  for  blister  rust  control  will 
represent  $2.85  per  M  of  sugar  pine  produced. 

Most  of  the  existing  cutover  area  in  sug-ar  pine  types  shows  much 
less  than  35  percent  sugar  pine.  Detailed  statistics  are  lackir^g  at 
present,  but  on  many  extensive  areas  in  cutover  sug:ar  pine  type  siogar 
pine  stocking  is  known  to  average  less  than  10  percent  of  total  stocking. 
If  only  10  percent  of  the  total  yield  were  to  be  realized  in  the  form  of 
sugar  pine,  the  cash  outlay  for  blister  rust  control  would  be  increased 
to  $10  per  M  of  s'dgar   pine  produced. 
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Similarly,  stockirjo^  will  have  a  direct  effect  on  unit  costs. 
The  blister  r^ist   control  charge  per  M  will  "be  miich  greater-  in  a  stand 
that  is  only  half  stocked  than  in  one  that  is  fully  stocked.  Here  the 
effect  of  reduced  stocking  on  costs  per  M  is  intensified  by  the  fact 
that  blister  rust  control  is  generally  more  difficult  to  achieve  in 
stands  where  the  timber  canopy  is  not  complete.  Openings  in  the  forest 
provide  favorable  conditions  for  establishment  and  growth  of  ribes 
bushes  and  insofar  as  low  stocking  implies  the  presence  of  such  open- 
ingS;  per-acre  control  costs  are  likely  to  be  significantly  higher  than 
in  fully  stocked  stands,  Per-M  costs  of  blister  rust  control  in  under- 
stocked stands  are  therefore  likely  to  be  pyramided,  higher  per-acre 
charges  bei.rig  incurred  on  top  of  the  smaller  per-acre  vol"jm.es  over 
which  charges  can  be  spread. 

Site  has  two  opposed  effects  on  costs.  Yields  rise  rapidly 
with  increases  in  site  quality.  Costs  can  therefore  be  spread  over  a 
larger'  vol'jjne  on  high  sites ^  and  per-M  costs  will  tend  to  be  lower. 
On  the  other  hand,  high  site  favors  the  groTirth  of  ribes  and  total 
costs  on  such  areas  are  likely  to  be  higher  than  on  low  sites.  The 
effect  of  site  variation  on  costs  per  M  will  thus  depend  on  the 
particular  yield  and  ribes  growth  at  each  local  situation. 

Differences  in  forest  t^^^e  also  have  two  mutually  offsetting 
effects.  As  has  already  been  shown;,  ponderosa  pine  normally  brings 
75  percent  or  more  of  the  stumpage  return  obtained  from,  sugar  pine, 
while  true  firs  bring  only  about  25  percent  as  much.  This  suggests 
that  blister  rust  control  can  be  un.dertaken  more  advantageously  in 
those  timber  types  where  fir  is  the  alternative  to  s-'jgar  pine  than  it 
can  in  types  where  ponderosa  pine  is  the  alternative.   This  is  so  be- 
cause the  alternative  to  growing  sugar  pine  in  sugar  pine— ponderosa  ■ 
pine  types  (gromng  more  ponderosa  pine}  is  more  attractive  than  the 
alternative  available  in  sugar  pine— fir  types  (growir^  more  low-value 
firs).  But  this  differential  is  offset,  at  least  in  part,  by  the 
fact  that  total  control  costs  are  likely  to  be  much  less  in  sijgar  pine  — 
ponderosa  pine  types  than  in  sugar  pine —fir  types. 

The  preceding  discussion  emphasizes  the  fact  that  costs  of 
blister  rust  control  and  sugar  pine  m.anagement  behave  in  a  very 
com,plex  fashion  in  response  to  differences  in  forest  conditions. 
Decisions  as  to  where  sijgar  pine  cult'jre  is  economically  justified 
must  therefore  be  based  on  a  careful  study  of  behaviour  of  costs  tinder 
the  variety  of  site,  composition,  density  conditions^  and  management 
methods  that  are  enccuntered  in  the  woods. 

S-ummarv 

A  preliminary  study  of  economic  aspects  of  blister  rust  control 
and  sugar  pine  managem.ent.  based  largely  on  existing  and  readily  avail- 
able data,  yields  the  following  information. 
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1.  The  sugar  pine  resource  in  California  consists  of  some  3ol 
million  acres  of  land  in  sugar  pine  types^  plus  an  additional  2.2 
million  acres  in  other  tj'pes  containing  some  sugar  pine.  The  area  is 
almost  equally  divided  between  public  and  private  o\vnership.  About  800 
thousand  acres  of  sugar  pine  type  is  on  high  site  land  (site  1-175  or 
better),  aLiiost  all  of  it  in  the  western  Sierra  Nevada,  The  total 
sugar  pine  timber  stand  in  California  amounts  to  21  billion  board  feet 
of  which  about  17-1/2  billion  is  considered  available  for  commercial 
use.  Fifty-six  percent  of  this  volume  is  in  public  ownership „  Over 
thjree -fourths  of  the  available  sugar  pine  is  in  old  growth  stands, 
v;ith  only  1.5  percent  of  the  total  supply  in  the  form  of  young  growth 
stands o 

2.  Since  1933;  protection  of  this  resource  from  blister  rust 
has  been  carried  on  on  a  large  scale  under  the  leadership  of  the 
Office  of  Blister  Rust  Control,  in  cooperation  with  numerous  Federal, 
State,  and  private  agencies.  At  present  2.0  million  acres  of  sugar 
pine  tjrpe  are  included  in  blister  rust  control  areas,  and  initial 
eradication  of  ribes  has  been  com.pleted  on  39  percent  of  that  acreage. 
Control  effort  has  been  concentrated  in  the  optimum  range  of  sugar 
pine  occurrence.  Work  done  to  date  represents  about  27  percent  of  that 
estimated  as  necessary  to  secure  and  maintain  control  by  present 
methods  on  areas  now  included  in  control  units.  Average  costs  in  1946 
airounted  to  about  $16  per  acre  worked,  some  three  times  pre-war  levels 
of  cost .  The  increase  was  due  largely  to  increased  costs  of  labor  and 
materials  and  lower  levels  of  worker  productivity.  New  methods  of 
ribes  suppression  hold  some  promise,  however,  for  fut^^are  reductions  in 
cost . 

3o  Sugar  pine  consijmption  in  the  United  States  averaged  256 
million  feet  b,  m.,  from  1927  to  1945.  A  peak  of  400  million  feet  was 
achieved  in  1942  and  current  use  is  well  above  the  19-year  average. 
About  one-third  of  this  total  is  ordinarily  used  for  specialty  pur- 
poses including  sash,  doors,  mlllwork,  patterns,  and  other  forms  of 
maniifacture.  The  remainder  goes  largely  into  box  manufacture  and 
light  construction  uses.  Market  dependence  on  sugar  pine  is  clear 
cut  for  pattern  making  and  boot  and  shoe  findings,  certain  types  of 
instruments,  and  shade  and  map  rollers.   In  sugar. pine  producing 
states,  in  the  Lake  States,  and  in  the  Northeast  the  species  is  a 
major  source  of  supply  for  sash,  door,  and  millwork  plants.  Else- 
where, and  in  oxher  uses,  si:igar  pine  is  a  very  minor  element  in  total 
softwood  lumber  supply.  The  future  trend  of  sugar  pine  lumber  re- 
quirements ?/ill  be  the  resultant  of  several  conflicting  factors.  As 
nearly  as  these  can  be  appraised  at  present,  minimum  total  future 
requirements  should  not  be  far  different  from  the  quarter  of  a  billion 
board  foot  average  annual  consumption  of  the  past  two  decades.  Of 
this,  some  75  million  board  feet  of  output  will  be  required  annually 
to  m.eet  needs  of  high  priority  manufacturing  uses, 

4.  Sugar  pine  stumpage  values  displayed  a  general  upward 
trend  from  1910  to  1945  amoimtin-g  to  an  increase  of  roughly  1  percent 
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per  year.  The  differential  between  s'ug'ar  pine  values  and  those  of 
other  species  has  shown  little  significant  change.  Ponderosa  pine 
stumpage  valiies  were  about  75  percent  those  of  sugar  pine  during  the 
1940-194-5  period.  White  fir  values  were  less  than  20  percent  of  sugar 
pine  values.  Available  evidence  points  to  a  continued,  and  possibly 
more  rapid^  long  run  rise  in  relative  sugar  pine  stumpage  values^,  as 
supplies  of  high  grade  wood  become  increasingly  scarce.  Because 
stumpage  values  currently  amount  to  less  than  15  percent  of  lumber 
values  at  the  mill^  stiimpage  prices  could  increase  two-  or  three-fold 
without  leading  to  prohibitive  rises  in  the  average  value  of  sugar 
pine  lumber.  Hence,  the  anticipated  rise  in  stumpage  values  should 
not  have  major  adverse  effects  on  markets  for  sugar  pine  lumber, 

5,  The  costs  of  sugar  pine  protection  and  management,  per  M 
board  foot  produced^,  are  extremely  sensitive  to  variations  in  site 
quality,,  stand  conrposition  and  density,  and  age  of  stand.  They  are 
too  variable  to  permit  of  any  ready  generalizations .  Ultimate 
determination  of  the  margin  for  economical  sugar  pine  production  and 
blister  rust  control  will  depend  on  careful  study  of  the  way  in  which 
control  costs  vary  as  between  the  different  stand  conditions 
encountered  in  the  sugar'  pine  zone„  When  the  market  and  price  data 
presented  in  this  report  are  supplemented  by  the  results  of  such  cost 
studies p  a  sound  basis  will  be  available  for  defining  sugar  pine 
management  units  on  economic  grounds. 
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MAKING  PAPER  TUBES   FOB  PUNT  PROPAGATION 


January    19^49 


By 

Emery  F„  Kimbrough 


A  growing  interest,  is  evident  in  the  use  of  paper  tubes  for  cuitur- 
ing  ornamental  p'Jants  or  tree  seedlings o   Several  advantages  are  claimed 
for  this  type  of  container,.,   In  the  first  place  the  tubes  require  Jess 
spaceo  less  potting  soi.!  and  water,,  and  are  lighter  in  weight  and  easier  to 
hand.":e  than  the  gallon  cans  commonly  used  for  this  purpose o   Then^  too,,  the 
roots  are  directed  downward;  when  outplanted  the  lower  roots  are  twelve 
inches  deep  rather  than  six  inches  as  when  plants  are  cultured  in  canso 
Final] ye  the  seedling  and  its  container  may  be  planted  together,,  saving  time 
and  avoiding  injury  to  the  rootvSj  however,-,  some  species  respond  better  if 
the  container  is  removedo 

Tubes  can  be  made  from  heavy  building  paper  and  then  dipped  in  hot 
paraffin,  from  waxed  stock  such  as  that  used  for  mi'fk  containers,  or  from 
light -weight  tarred  roofing  paper o   The  latter  is  somewhat  toxio  to  some 
plants  o  particularly  when  the  tube  is  planted  with  the  seedling,  and  f:oT 
this  reason  has  not  been  entirely  satisfactory  for  general  user   In  any 
case  the  plants  should  usually  be  outplanted  at  the  end  of  one  year^ 

The  method  described  here  is  used  in  making  tar-paper  tubes  at  the  • 
Institute  of  Forest  Genetics  at  Placerville„  Calif orniEo   The  tubes  have 
been  used  primarily  for  propagating  cork-oak  seedlings »  but  they  have  also 
been  used  for  propagating  pine  seedlings  and  several  species  of  ornamental, 
plantso   Slight  modification  of  the  method  will  adapt  it  to  use  with  other 
materials  than  tar  paper o   Inquiries  received  regarding  the  method  for 
making  tubes  have  convinced  us  that  this  description  would  be  welcomed  by 
many  plant,  propagators o 


*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 


Materials    and  Equipment 

Roofing   paper    in   100  foot   rolls  „    36    inches   wideo 

Dispenser  for   36-inch  roll  paper  with  two  knives   mounted  to   cut  the 
paper   into  three    12-inch   strips   as    it   is   pulled  from  the    roll    (see 
figo    1)0 

Table    12   feet   long,,    4  feet  wide    and  40   in^^hes   high,    with   9   jigs    (guides) 
mounted  across    the    table    at    12-inGh   intervals    (fig.-.    l)o 

Work  bench   8   feet    long,    3   feet  wide,    and    3   feet  high   with    15  x   15-inch 
shelf  to  which    is    attached   a   piece    of   2-  inch    iron  nive   extending    15 
inches   beyond  the  edge    of  the   shelf    (figo    2)o      A  tension  clamp   1-inch 
wide   made    of  spring   steel   is    attached  to  the    shelf   1   inch  from  the 
edge    (Detail   "A"  fig.    2)o 

Container  for  heating  cement   and   tablespoon  for   spreading   it o 

Hot  plate   to   keeu   the    tar  or   roofing  cement  hoto 

Paring  knife   or   linoleum  knife  with   short,    sharp  blade o 

Procedure 

Vifnen  the    listed  materials    are   properly  asseiabled  the   tubes   are   constructed 
as   follows: 

A  roll   of  paper   is   placed   in  the    dispenser   and  pulled   off  to  the   full 
length   of   the    table „    being   ripped   into   three   strips    12   inches   wide   by  the   mounted 
knives   as    it    is    pulled  from  the   dispenser.      The   strips    of   paper   are   then   in 
position  on  the    jigs   and  may  be   cut   into   12-inch   squares,-    three    at   a  time   by 
drawing   a  knife    along   the    jigs   that  cross   the  tableo 

llJhen   enough-  tar -paper   squares   have   been   cut   the    process    continues    as 
follows . 

A  square    of    paper   is   placed   on  the    shelf  under   the   spring   steel   clamp, 
tne   edge    of   the    paper  being  aligned  with  the  edge   of  the    shelf    (figs    3,,   A)o 
A   l-inch   margin   of   the    paper    is    then  exposed  between  the   edge    of   the    shelf   and 
the    ciamp:      From  end   to   end,    along  the   center'   of  this    margin   of   paper   a  table- 
spoon  of   hot    tar   is    poured    in   a    line    about    one    fourth    inch  wide ^      The    opposite 
edge    of    the   paper   square    is    then  brought   over   and   placed    against   the    outer  edge 
or   the    clamp   to  form  a    uyxinder,,    and   the   thumbs    of  both  hands    press    the    two   edges 
together  sealing  the  ends    of  the    seam  with  the    cooling   tar. 

The    partly  finished  tube    is   then  pulled  from  under  the   spring  clamp   and 
placed   over   the    piece    of   2-inch   pipe,   the    seam  up    (fig«    3.    B).      The    seam  is    seale 
by   running  the    fingers    along    it  with   considerable   oressure.      By  this    time    the   tai 
or   cement   will   have    cooled  enough   so  that   the    finished  tube    may  be    removed   from 
the    pipe    and  used   or    stored, 

A   100-foot    roll    of   paper   will   make    300  tubes,  s 

An  experienced  workman   can  make    125  tubes    or   more    per   hour.  I 
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Introduction 

The  forest  industry  of  the  Pacific  Coast  is  based  on  the  utiiiza- 
tion  of  softwood  species,  and  little  attention  has  been  paid  to  the  several 
native  hardwoods.   ^iome  of  these  hardwood  species  appear  to  be  suitable  for 
general  commercial  use.   One  of  the  most  promising  is  Celifornia  bla:k  oak 
(Quercus  kelloggii),  which  grows  extensively  in  Oregon  and  California,  and 
is  particularly  abundant  on  the  vrest  slopes  of  the  northern  Sierra  in  can- 
yons within  the  ponderosa  pine  belt  at  3,000  to  5,'JOO  feet  elevation. 

California  black  oak  has  been  cut  on  a  limited  scale  for  manufacture 
into  lumber  and  flooring.   These  few  efforts  in  the  past  have  usually  met 
v4  th  only  limited  success  because  the  operators  often  did  not  produce  the 
quality  and  size  of  lumber  to  meet  the  needs  of  the  prospective  buyers  and 
because  it  was  usually  Doorly  manufactured  and  seasoned.   Another  reason  for 
the  slow  development  of  the  hardwood  industry  on  the  pacific  Coast  is  the 
sca.ttered  occurrence  of  most  of  the  hardwood  species.   They  are  decidedly 
scattered  when  compared  to  the  softwoods  growing  in  the  same  general  area, 
but  look  considerably  more  promising  when  com.pa.red  to  many  of  the  hardwood 
stands  of  the  east  from  which  the  pr-esent  supply  is  cut.,   The  western  hard- 
woods are  more  ditf icult  to  season—  than  the  several  species  of  softwoods 
with  which  they  are  associated,  and  reauire  special  methods  of  manufacture 
and  seasoning. 

The  present  lack  of  development  of  the  Pacific  hardwoods  indicates 
the  need  for  more  information  about  these  species.   The  purpose  of  this 
study  was  to  develop  a  practical,  effective  seasoning  procedure  for  Calif- 
ornia black  oak  so  that  its  utilization  can  be  put  on  a  more  sound  basis. 
These  drying  experiments  vrere  carried  on  in  cooperation  with  the  Diamond 
Match  Comnany  at  Stirling  City,  California.   The  tests  were  conducted  in 
two  phases,  one  for  air  drying  and  another  for  kiln  drying  procedures. 


Test  Material 


Black  oak  logs  were  cut  early  in  June  on  a  logging  area  near  Butte 
Meadows ,  located  in  Butte  County  in  the  northern  Sierra  Kevada  region  of 
C.-^lifornia .   The  logs  represented  a  wide  range  of  both  size  and  ouality. 
Some  logs  of  marginal  size  and  Quality  were  selected  to  determine  the  yield 
from  such  material.   The  total  log  scale  was  about  18,000  bd„  ft„ ;  the  num- 
ber of  large  defective  lops  and  sms.ll  poorly-formed  logs  made  an  accurate 
scale  difficult. 

The  logs  were  delivered  to  the  mill  pond  and  sawed  without  delay  on 
a  seven-foot  head  saw  into  3/4-inch  boards,  which  were   ripped  into  ?-  and 
6-inch  wide  flooring  strips.   The  strips  were  from  4  to  16  feet  long,  aver- 
aging about  8  feet.   They  were  piled  in  4-feet  by  4-feet  by  16-feet  package 
units  using  9  stickers  per  course.   iMo  narrow,  dry  stickers  were  available, 
and  most  of  the  stickers  used  m^ere  green  Douglas  fir  and  white  fir,  1-  by 
4-inGh  by  4  feet  in  size.   Some  cull  3/4  by  3-inch  flooring  strips  were  cut 
to  4  feet  in  length  and  also  used  for  stickers.   Dry  1-  by  2-inch  stickers 
would  have  been  preferable. 


1/   Torgeson.  0.  "V^l .  ,  U.  S.  Forest  Products  Laboratory  Report  1684,  "Kiln- 
drying  Schedules  for  1-inch  Laurel,  Madrone,  Tanoak,  and  GhinoA^apin" . 
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Air-drying  Test  Procedure 

The  package  units  were  moved  to  the  air  drying  yard  v^here  they  were 
piled  three  high  on  good  pile  foundations.   The  piles  were  spaced  12  to  18 
inches  apart.   Each  pile  was  covered  to  protect  it  from  the  sun.   The  sides 
were  protected  by  the  adjacent  piles,  but  the  ends  of  the  piles  were  open. 
The  piling  was  relatively  open,  except  for  the  ne.rrow  space  between  piles, 
and  fast  drying  could  be  expected. 

2/ 
Sixteen  samples—  were  prepared  and  placed  in  the  piles  on  the  yard 

to  determine  the  rate  of  air  drying.   These  samples  were  weighed  at  inter- 
vals during  the  drying  period  and  the  moisture  content  determined.   Weather 
reports  were  kept  by  the  State  Division  of  Forestry  at  a  station  only  one- 
half  mile  from  the  yard;  these  reports  have  been  used  as  a  record  of  the 
drying  conditions . 


Air-drying  results 

The  3/4  by  3-inch  and  3/4  by  6-inch   strips  dried  rapidly  (fig.  l). 
The  average  moisture  content  of  the  stock  had  reached  20  percent  in  one 
month.   The  wettest  samples  had  dried  to  less  than  20  percent  in  only  47 
days,  at  which  time  all  the  stock  could  have  been  kiln  dried  readily  with 
little  danger  of  drying  degrade. 


This  fast  drying  was  accomplished  with  no  drying  defects,  such  as 
surface  checking,  end  splitting,  and  honeycombing.   Case-hardening  stresses 
can  not  be  classed  as  a  drying  defect  because  they  develop  during  any  nor- 
mal drying  process.   These  drying  stresses  can  be  relieved  after  both  yard 
drying  and  kiln  drying  by  subjecting  the  stock  to  humidity  conditions  that 
will  permit  a.  regain  of  moisture.   Obviously,  this  can  be  done  more  readily 
in  the  kiln,  where  drying  conditions  can  be  controlled,  than  on  the  drying 
yard. 

The  small  size  of  the  flooring  strips  (3/4  x  3  in.  and  3/4  x  6  in.) 
was  an  important  factor  in  the  fast  drying  lAdthout  defects  under  the  severe 
air  drying  conditions  that  prevailed.   The  results  of  this  experiment  do 
not  permit  the  broad  conclusion  that  all  thicknesses  of  California  black  oak 
can  be  air  dried  readily  without  drying  defects,  but  the  results  do  show 
that  3/4-ir.ch  strips  can  be  air  dried  successfully  when  piled  properly  on 
the  yard.   Furthermore,  this  experience  with  3/4-inch  stock  indicates  that 
full  one-inch  stock  can  be  air  dried  successfully. 

These  results  show  a  drying  rate  that  can  be  duplicated  only  during 
the  active  drying  season.   Similar  material  handled  in  the  same  way,  but 
piled  during  the  wet,  cold  fall  and  winter  season,  would  require  consider- 
ably longer  to  dry.  The   danger  from  surface  checking  would  also  be  much 
less  during  this  slow  drying  season,  which  may  be  important  in  air  drying 
thicker  stock  without  defects. 


2/  U.S.  Forest  Products  Laboratory  Report  1607,  "Use  of  Kilr  Samples  in 
Operating  a  Lumber  Dry  Kiln'*. 
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Kiln-drying  Test  Procedure 

Four  kiln  runs  were  made  in  a  small  experimental  dry  kiln—  and  one 
in  a  large  commercial  kiln.   Each  charge  in  the  small  kiln  contained  400 
to  500  bd .  ft.  of  3/4-inch  strips.   i^^ach  load  was  4  feet  wide,  8  feet  long 
and  4-I/2  to  5  feet  high.   At  the  time  of  the  first  experimental  kiln  run, 
thi;;  stock  had  been  on  the  air  drying  yard  four  weeks  and  had  dried  to  a 
moisture  content  of  26  r-ercent.   By  the  time  of  the  fourth  run  it  had  fur- 
thw  dried  to  18  percent  and  at  the  time  of  drying  in  the  commercial  kiln 
had  reached  a  moisture  content  of  only  10  percent. 

The  drying  conditions  used  in  the  first  run  in  the  experimental  kiln 
^"■ere  somev^hat  conservative  (fig.  2).   Because  the  results  v/ere  encouraging, 
the  dry  bulb  temperature  during  the  next  run  v/as  maintained  at  180   F.   This 
temperature  is  more  severe  than  usually  used.   In  run  No.  4  (fig.  3)  the 
initial  dry  bulb  temperature  of  140   F.  was  held  until  the  average  moisture 
content  of  the  samples  was  15  percent,  then  the  temperature  was  raised  to 
i80°  F. 

The  relative  humidity  conditions  during  these  experimental/  runs  were 
controlled  to  ma.intain  a  rather  low  equilibrium  moisture  content—';   The  stock 
had  already  dried  considerably  during  air  drying  and  a  moisture  gradient  was 
already  established.   The  surface  fibers  were  no  longer  in  tension  across 
the  grain  and  there  was  no  further  danger  from  checking.   Therefore  the  rele- 
ti  >7-e  humidity  in  the  kiln  was  lowered  to  20  to  30  percent  after  only  a  few 
h:jurs  at  50  to  60  percent.   These  low  relative  humidity  conditions  were  con- 
ducive to  rapid  drying  and  could  be  used  safely  since  the  danger  from  check- 
ing had  passed. 

The  strips  had  air  dried  to  such  a  low  moisture  content  before  being 
dried  in  the  commercial  kiln  that  there  was  no  real  kiln  drying  problem. 
The  dry  bulb  temperatii.re  was  held  at  140°  F.  with  a  wet  bulb  depression  of 
40''  over  one  night.   The  dry  bulb  temperature  v/as  then  raised  to  180'^'  F., 
while  inaintainir.g  ?  40°  F.  v.^et  bulb  d'^pression  (wet  bulb  temperatures  raised 
from  100°  F.  to  140°  F.).   After  24  hours  of  drying  the  stock  was  equalized 
for  16  hours  at  an  8.0  percent  equilibrium  moisture  content  (160°  F.  dry 
bulb  and  140°  F.  wet  bulb).   The  stock  was  conditioned  for  two  hours  at 
L60   F.  dry  bulb  temperature  and  152°  F.  wet  bulb  tempe^^ature  to  relieve  dry- 
ing stresses.   The  total  time  in  the  kiln  was  only  42  hours  and  could  have 
been  reduced  by  several  hours  had  it  been  necessary  to  do  so. 

Kiln-drying  Results 

The  results  obtained  from  the  four  runs  in  the  sma.ll  experimental 
ki In  and  one  run  in  the  commercial  kiln  indicate  that  air  dried  California 
black  oak  can  be  kiln  dried  as  readily  as  eastern  red  oak. 

_3/''  Torgeson,  0.  W.  ,  U.  S.  -f'orest  Products  Laboratory,  Report  1671,  "Small 
Demountable-t;;/pe  Lumber  Dry  Kiln  for  Experimental  Drying". 

4/   Smith,  H.  H. ,  U.  S.  Forest  Products  Laboratory  Report  1651,  "Relative 
humidity  and  Eouilibrium  Moisture  Content  Graphs  and  Tables  for  Use  in  Kiln 
Drying  Lumber". 
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Figure   2-  Test    run    of    3/4-inch    Galifornia    black  oak    flooring 
strips    in     experimental     kiln    using     moderate    drying    schedule. 
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Figure  3.- Test    run   of    3/4-inch    California    black  oak    flooring 
strips    in    experimental    kiln    using  accelerated     drying    schedule 
with    final    conditioning. 
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i'lgures  2  and  3  show  the  drying  conditions  in  t^.^o  of  the  experimen- 
tal runs.   The  drying  time  was  66  and  64  hours,  respectively.   The  drying 
conditions  in  the  second  were  more  severe  and  the  total  drying  time  of  64 
hours  includes  a^  10-hour  conditioning  treatment  to  relieve  the  drying 
stresses. 

Drying  defects  occurred  in  only  the  second  experimental  kiln  run, 
in  which  the  initial  temperature  was  180°  K.   In  this  run  severe  honey- 
comb developed  in  some  areas  of  the  stock  that  had  been  covered  by  the 
wide,  green  stickers  used  during  air  drying.   Y'food  in  these  areas  had  he^n. 
covered  during  air  drying  and  had  not  been  subject  to  the  same  drying  con- 
ditions as  the  wood  between  the  stickers.   It  had  not  dried  to  a  sufficient- 
ly low  moisture  content  to  vdthstand  the  high  kila  temperatures  without 
serious  defects. 

The  development  of  honeycomb  in  wet  areas  of  this  oak,  but  not  in 
adjacent  drier  areas,  substantiates  the  ^theory  that  wood  that  hs.  s  been 
dried  below  the  fiber  saturation  point—/,  and  thus  contains  no  free  water, 
can  be  kiln  dried  at  high  temperatures  without  danger  from  drying  defects,. 


Conclus  ions 


The  results  of  these  experim.ents  indicate  th8.t  California  black  oak 
cut  into  thin  sizes,  can  be  dried  in  a  relatively  short  time  without  dryiug 
defects . 

Three-auarter  inch  stock  can  be  air  dried  in  only  6  weeks  during  th,;- 
active  drying  season,  but  may  require  at  least  twice  that  long  a  time  duritip' 
the  m^et ,  lAdnter  v^eathero  The  method  of  piling  v/ill  affect  the  rate  of  dry- 
ing and  the  extent  of  warping  during  air  drying.  If  it  is  found  that  4/4 
or  thicker  stock  checks  when  piled  for  air  drying  by  the  method  used  in  tha  :■ 
experiment,  modifications  of  the  piling  can  be  made  to,  slow  the  rate  of  dry- 
ing and  thus  reduce  the  occurrence  of  drying  defects—.  . 

The  kiln  drying  of  previously  air  dried  5/4-inch  stock  is  relatively 
easy  and  can  be  accomplished  in  a  modern  forced-circulation  fan  kiln  in  ie.'^.- 
than  ?  days  without  drying  defects.  A  schedule  using  140°  if\  dry  bulb  temp- 
erature until  the  moisture  content  reaches  15  percent  and  then  a  final  temp- 
erature of  180°  t' .  can  be  recommended.  The  initial  relative  humidity  should 
b-^  about  50  percent,  but  can  be  lowered  to  the  desired  minimum  by  the  end  of 
the  second  day. 


5/'  tstamm,  A.  J.,  U.  S.  Forest  Products  Laboratory  Report  859,  "The  Fiber- 
Saturation  Point  of  Vvood  as  Obtained  from  Electrical  Conductivity  Measure- 
ments" . 

6/      Espenas,  L.  D. .  U.  So  Forest  Products  Laboratory  Report  1657,  "Air 
Seasoning  of  Lumber". 
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The  following  kiln  schedule  is  suggested  for  air  dried  3/4  flooring 
strips  up  to  6  inches  in  width: 
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AN  INDEX  OF   RIPENESS   FOR  SUGAR   Pim   SEED""' 

By 

H.    A.    Powells,    Silvicuiturist 


1/ 


Immature  or  unriue  seed  may  be  one  cause  of  the  Door  germination 
of  sugar  pine  occasionally  exnerienced  in  nursery  Dractice  or  direct  seed- 
ing projects.   Ripeness  of  oine  seed,  or  the  time  to  harvest  cones,  is 
usually  judged  by  a  change  from  green  to  brovm  in  the  color  of  cones  or 
by  the  development  of  a  firm  consistency  in  the  endosnerm.   However  accu- 
rately these  criteria  may  be  applied,  they  ar-e  subjective  and  cannot  be 
described  well  enough  to  oermit  consistency  in  their  use.   More  objective 
criteria  have  been  proposed  by  Wakeley  (2)  and  Maki  (l '} .      ''".'akeley  suggested 
in  1938  that  cones  of  the  southern  pines  not  be  collected  until  they  floated 
in  water.   Recently  he  has  proposed  floating  in  oil  of  specific  gravity 
0.88  as  an  index  of  rineness  (personal  communication).   Maki  found  that 
the  germination  of  ponderosa  pine  seed  was  acceptable  when  the  cones  had 
a  specific  gravity  of  0.86.   This  paper  describes  an  index  of  ripeness  for 
sugar  nine  seed. 


l/  This  study  was  conducted  at  Stanislaus  Experimental  Forest  under 
the  direction  of  Duncan  Dunning,  in  charge  of  Forest  Management  Research. 


MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA 


Methods 

For  the  study,  six  sugar  Dine  trees  bearing  abundant  cones  were 
selected  in  1941.   The  trees  were  on  north-  and  south-facing  slopes, 
giving  a  range  of  environmental  conditions  which  might  affect  rioening. 
Ten  cones  or  more  were  nicked  fror^^  each  tree  on  each  of  three  sampling 
dates.   The  cones  nicked  from  any  tree  v/ere  selected  throughout  the 
length  of  the  crown.   Because  of  noor  germination  of  seed  from  all  the 
collections,  another  series  of  cones  was  nicked  in  1948,  the  first  heavy 
seed  cron  year  after  1941.   On  the  collection  dates  the  weight  in  grams 
and  the  volume  in  cu.bic  centimeters  (by  disnlacement  in  water)  vrere 
determined  for  ten  undamaged  cones  from  each  tree. 

Seed  was  extracted  from  the  1941  cones  by  air  drying.   Facilities 
for  drying  were  inadequate,  and  some  or  all  of  the  cones  may  have  dried 
too  slowly  to  yield  good  seed.   Seed  of  the  1948  collection  was  removed 
from  the  cones  by  dissection  within  a  day  after  collection  and  was  immedi- 
ately air  dried.   In  each  year  the  seed  was  stored  for  approximately  two 
months  at  41^  F.  and  was  then  stratified  at  41   F.  for  slightly  more  than 
two  months.   Samples  for  germination  tests  consisted  of  50  seeds  from 
each  of  five  cones  selected  at  random  from  the  ten  used  for  specific 
gravity  determinations. 

Results 


Specific  gravity  of  the  cones 

The  specific  gravity  of  the  cones  decreased  from  one  period  to 
another  in  the  two  years.   The  average  specific  gravities  of  the  cones 
in  1941  and  in  1948  are  tabulated  below  by  collection  dates.   A  differ- 
ence of  0.02  betwee"  the  average  specific  gravities  of  collection  dates 
was  significant  in  both  sets  of  data. 
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The  differences  betvreen  means  of  trees  for  sampling  dates  were 
statistically  significant.   This  vpriability  makes  it  necessary  to  sample 
cones  of  each  tree  for  which  the  average  specific  gravity  is  desired. 

Germination  of  seed 

The  germination  percent  increased  significantly  from  the  first 
collecting  date  to  the  second  and  from  the  second  to  the  third.  In  the 
1941  tests  germination  was  unaccountably  low  for  the  three  collections, 
being  only  1.4  percent  for  the  first,  3.9  percent  for  the  second,  and  4.8 
percent  for  the  last.  Hovrever,  the  proportion  of  seed  having  developed 
em.tryo  and  endosperm,  as  indicated  by  cutting  tests,  was  78  percent,  82 
percent  and  85  percent  for  the  first,  second  and  third  collections  res- 
pectively. 
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In  1948  the  average  germination  by  periods  was  23  percent,  38  oer- 
cent,  and  88  pei'cent  (fig.  1).   The  forms  of  the  germination  curves  suggest 
that  delayed  germination,  which  is  occasionally  exoerienced  with  immature 
seed,  did  not  occur  in  the  early  collections.   Either  the  period  of  strati- 
fication was  long  enough  to  avoid  delay  or  the  samole  contained  a  small 
proportion  of  mature  seed  which  germinated  and  a  large  oroDortion  of  immature 
seed  which  did  not. 

Relation  between  soecific  gravity  and  germination 

The  extent  of  relation  between  snecific  gravity  of  cones  and  seed 
germination  in  1948  (fig.  2)  is  evident  from  the  correlation  coefficient 
of  -0.75.   Specific  gravity  alone  ex^ola^ins  56  percent  of  the  variation  in 
the  gei:'mination  of  the  seeds.   The  relation  of  snecific  gravity  to  germina- 
tion is  shown  also  by  covariance  analysis.   Thus  the  germination  nercents 
for  the  three  collection  dates  would  not  have  differed  significantly  if 
snecific  gravity  had  no  effect  on  germination.   In  view  of  the  many  Dossible 
causes  of  variability  in  germination,  a  single -factor  relationship  this 
large  is  certainly  important. 

Change  in  weight  of  seed 

The  air-dry  weight  of  the  1948  seed  increased  aoDreciably  from 
one  date  to  the  next.   The  average  vfeight  of  50  air-dry  seed  was  "^.40 
grams  in  the  first  collection,  10.80  grams  in  the  second,  and  11.41  grams 
in  the  last.   This  increase  in  weight  suggests  at  least  that  seed  was 
not  completely  developed  in  the  early  collections. 

Color  of  cones 


Color  of  the  cones  before  they  opened  naturally  did  not  consistently 
indicate  maturity  of  the  seed.   In  the  first  1948  collection,  seed  of  the 
poorest  germination  came  from  cones  which  were    brovmest  in  color.   Highest 
germination  came  from  cones  -which  had  scarcely  a  tint  of  brown.   In  the 
last  collection,  seed  of  which  germinated  at  the  rate  of  88  percent,  cone 
color  varied  from  greenish  brovm  to  brown. 

Application  in  Cone  Collection 

The  strong  relation  between  specific  gravity  of  the  cone  and  germina- 
tion of  the  seed  offers  an  objective  method  of  accepting  or  rejecting  the 
cones  on  a  particular  tree.   If,  for  example,  85  percent  germination  is 
desired,  then  cones  should  not  be  picked  until  the  average  specific  gravity 
of  the  cones  on  a  tree  is  0.80.   How  to  detect  the  average  specific  gravity 
of  cones  on  a  giver  tree  with  a  reasonable  certainty  and  with  minimum  equip- 
ment is  obviously  a  sampling  problem. 
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A  simple  procedure  mipht  be  based  on  the  probability  that  cones 
would  float  or  sink  in  some  liquid,  such  as  common  kerosene,  which  has 
a  soecific  gravity  of  0.80  in  the  range  60   to  80   F.   It  is  possible  to 
compute  how  many  cones  from  a  population  of  assumed  mean  would  float  in 
kerosene.   The  probability  is  0.50  that  3  or  more  cones  of  a  sample  of  5 
will  float  when 'the  mean  specific  gravity  of  cones  in  a  tree  is  0.80. 
Occasionally  three  or  more  cones  will  float  when  the  mean  is  0.81  (prob- 
ability of  occurrence  is  0.20),  and  rarely  when  the  mean  is  0.82  (probability 
of  occurrence  is  0.04).   If  only  2  cones  float,  there  is  the  possibility 
that  the  mean  of  the  tree  is  as  high  as  0.84,   The  expected  germination 
related  to  this  average  specific  gravity  is  only  60  percent.   To  be  reason- 
ably sure  of  at  least  80  percent  germination,  3  or  more  cones  of  a  sample 
of  5  should  float. 

Because  of  the  variability  bet^-'-een  trees,  each  tree  must  be  samiPled 
to  determine  whether  the  specific  gravity  of  the  cones  is  low  enough  to 
give  the  desired  germination  percent. 

There  are  some  practical  limitations  in  the  use  of  such  a  procedure. 
The  test  applies  only  to  freshly  picked  cones.   It  is  therefore  necessary 
to  sample  cones  from  the  tree  or  to  be  sure  that  c^nes  on  the  ground,  as 
in  a  logging  area,  have  lain  there  no  more  than  a  day  or  two.   Obviously 
aborted  cones  or  insect-riddled  cones  will  not  yield  good  seed  even  though 
their  specific  gravity  is  low,  that  is,  many  of  them  float  in  kerosene. 

Proper  cone  collection,  of  course,  must  be  accompanied  by  good  seed 
extraction  practice  to  avoid  germination  failure,  such  as  that  occurring 
in  the  1941  seed. 

Because  sugar  pine  cones  may  be  20  inches  long  and  5  inches  in 
diameter,  a  large  container  is  needed  for  the  floating  test.   The  outside 
can  of  a  standard  rain  gage  is  satisfactory;  however,  some  method  of 
catching  the  overflow  is  desirable  to  avoid  carrying  a  large  supply  of 
kerosene.   The  small  drums  used  for  tractor  lubricants  might  be  satisf actors/ 
containers.   Probably  a  better  container  could  be  fabricated  from  sheet 
metal  to  form  a  tank  roughly  8  x  8  x  24  inches ,  in  which  cones  could  be 
placed  horizontally. 

In  view  of  the  costs  of  seed  collection  and  the  necessity  to  make 
tne  most  of  infrequent  seed  crops,  an  obiective  system  of  determining 
ripeness,  such  as  this  specific  gravity  index,  appears  worthwhile. 


References 


.1)   Meki,  T,  E.  1940.   Significance  and  applicability  of  seed  maturity 

inuices  for  ponderosa  pine.   Jour c  Forestry  38:  55-60. 
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ESTIMATED  LUMBER  FRODHCTION  IN  CALIFORNIA  -  1948l/ 

By  George  F.  Burks 
Forest  Survey,  Division  of  Forest  Economics 


Lumber  production  in  California  in  1948,  for  the  third  successive 
year  exceeded  all  previous  records.  The  estimated  cut  was  3,962,910,000 
board  feet.  This  cut  when  combined  with  the  production  of  all  other 
forest  products  exceeds  four  billion  board  feet. 

This  estimate  of  lumber  production  was  compiled  by  the  California 
Forest  and  Range  Experiment  Station  from  data  collected  in  a  three-way 
cooperative  canvass  of  California  sawirdlls  by  the  West  Coast  Lumbermen's 
Association,  the  Western  Pine  Association,  and  the  Experiment  Station. 
Western  Pine  Association  covered  production  of  mills  in  the  Pine  Region, 
while  the  West  Coast  Lumbermen's  Association  and  the  Experiment  Station 
canvassed  sav/mills  in  Del  Norte  and  Humboldt  Counties.   In  addition,  the 
Experiment  Station  sampled  the  remainder  of  the  counties  in  the  Redwood 
Region  and  worked  closely  with  the  two  Associations  in  checking  the 
accuracy  and  completeness  of  their  mailing  lists  of  active  sawmills. 

The  reliability  of  the  total  lumber  production  figure  is  indicated 
somewhat,  by  the  fact  that  3^,629,767  M  bd  ft.,  or  about  92  percent  of 
total  production,  was  included  in  the  reports  of  the  529  responding  mills 
The  remaining  8  percent  of  total  production  is  attributed  to  the  442  non- 
respondent  and  nonsampled  active  sawmills,  largely  in  the  smaller  size 
classes.  This  amount  was  estimated  by  expanding  the  production  of  the 
sam.pled  mills  in  each  sizr  class  by  the  ratio  of  mills  sampled  to  the 
total  number  of  mills  m  each  production  size  class. 


1/  Richard  H.  May  and  Alexander  Simontacchi  collected  the  produc- 
tion data  for  the  Experim.ent  Station  and  compiled  the  statistics  appear- 
ing in  this  report. 


MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA  . 


Highlijghts  of  19^8  Luirber  Production 

Total  production  in  19-48  showed  an  increase  of  16  percent  over 
1947.  The  segregation  of  the  194-8  production  by  species  compared  with 
that  of  1947  is  presented  in  Table  1„   In  both  years  the  relative  pro- 
duction by  species  remained  essentially  the  same,  with  ponderosa  pine^, 
Douglas-fir  and  redwood  accounting  for  about  80  percent  of  the  total. 

The  production  for  1948  continues  a  trend  that  has  been  generally 
upward  for  the  past  10  years  (fig.  1) ,     The  change  was  less  noticeable 
during  the  war  years  of  1941-44  inclusive,  but  for  the  period  1945 
through  1948  there  has  been  a  striking  increase  each  year.. 
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Pine  Region 

Lumber  production  estimates  by  species  and  production  size  class 
for  the  Pine  Region  in  1943  are  presented  in  Table  2,  The  2.6  billion 
board  feet  of  lumber  produced  in  1948  was  about  8  percent  higher  than  the 
2.4  billion  board  feet  produced  in  1947.  Approximately  the  same  number 
of  mills  were  active  in  both  years. 

Ponderosa  and  sugar  pine  account  for  about  two-thirds  of  the  1948 
Pme  Region  total,  while  Douglas-fir  and  the  true  firs  account  for  most  of 
the  remainder , 

Of  the  total  estimated  cut  of  2,607,690  M  bd,  ft.,  2,440,318  M 
bd.  ft.  or  94  percent,  was  actually  reported  by  slightly  more  than  one- 
half  of  all  active  sawmills.  Therefore,  only  6  percent  of  the  Pine 
Region  production  is  estimated. 

Redwood  Region 

Lumber  production  estimates  by  species  and  production  size  class 
for  the  Redwood  Region  in  1948  are  presented  in  Table  3.  The  1.3  billion 
board  feet  of  lumber  produced  in  1948  was  about  31  percent  higher  than 
the  1„0  billion  board  feet  produced  in  1947.  The  number  of  active  sawmills 
has  increased  proportionately  with  393  on  record  for  1948. 

Redwood  and  Douglas-fir  made  up  approximately  98  percent  of  the 
entire  cut  of  the  region. 

As  in  the  Pine  Region,  the  largest  portion  (1,189^449  M  bd.  ft.), 
or  88  percent  of  total  regional  production  (1,355,220  M  bd.  ft.),  was 
actually  reported  by  one-half  of  all  active  mills.  Thus,  only  12  percent 
of  Redwood  Region  production  is  estimated. 

County  Statistics 

Coincident  with  the  regional  compilations,  estimates  of  production 
were  made  for  all  timber  producing  counties.  But  these  amounts  are  not 
reported  here  because  the  basic  data  did  not  permit  equally  sound  estimates 
for  all  counties „  However,  it  was  apparent  that  Humboldt  County  was  again 
the  leading  producer  by  a  wide  margin.  Other  leading  counties,  all  cutting 
more  than  200  million  feet,  were  Mendocino,  Siskiyou,  Pl'iimas,  Lassen, 
Shasta,  and  possibly  El  Dorado „ 

In  spite  of  the  limitations  of  the  county  estimates,  some  individuals, 
organizations,  or  concerns  may  desire  the  information „   It  may  be  obtained 
upon  request  from  the  Experiment  Station,. 
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Table   1.-  Production  of   luiTiber  by  species 
California,    19^7  and   19^8 


Species 


Lumber  production 
19/^8 : ^/l9^7 


Change 
from  1947 
to  1948 


M 

bd.  ft. 

Percent 

M  bd .  f t . 

Percent 

Percent 

Ponderosa  pine^/ 

1 

,458,120 

36.8 

1,322,182 

38.8 

+  10.3 

Douglas-fir 

925,440 

23.4 

768,866 

22.6 

+  20.4 

Redwood-^/ 

793,250 

20,0 

529,921 

15.5 

+  49.7 

White  fir  and  red  fir 

471,100 

11.9 

417,627 

12.2 

+  12,8 

Sugar  pine 

236,930 

6.0 

281,406 

8.2 

-  15,8 

Incense  cedar 

68,960 

1.7 

70,354 

2.1 

-  2.0 

Sitka  spruce 

7,480 

0.2 

12,315 

0.4 

-  39.3 

Port  Orford  cedar 

680 

— 

643  ; 

— 

Western  white  pine 

510 

— 

None  re-  ] 
ported  ] 

— 

AlderA/ 

200 

— 

742  ^ 

)   0.1 

— 

Western  hemlock 

160 

— 

242  ' 

— 

Lodgepole  pine 

80 

— 

172 

— 

Monterey  pine 

— 

— 

4,052 

0.1 

— 

All  species 

3 

,962,910 

100.0 

3,408,522 

100,0 

+  16.3 

1/  From  Censu 

S  ( 

Df  Manufac 

tures,  19' 

47,  Lumber  i 

md  Timbe 

r  Basic 

Products,  U.  S.  Department  of  Commerce,  Washington,  D.  C,  1949, 
2/  Includes  small  volume  of  Monterey  pine  in  1948. 
2/     Includes  130  M  bd.  ft.  of  bigtree  in  1948, 
A/  Includes  62M  bd  ft.  of  oak  in  1947. 


-4- 


CO 

CQ 

cd 

H 

o 

Q) 

tsi 

•H 

ra 

fl 

o 

•H 

■P 

O 

^ 

T? 

to 

o 

-sj 

!h 

o 

P 

rH 

tJ 

1 

03 

\ 

CO 

0 

o 

•H 

»H 

o 

tu 

© 

0 

p 

oi 

CO 

0 

!> 

fi 

\n 

=H 

1 

Ph 

1 

Cd 

C 

«H 

o 

fi 

-'H 

Sh 

-P 

O 

o 

Cm 

d 

=H 

-d 

rH 

o 

Cd 

u 

O 

P 

^H 

0 

,o 

H 

T3 

0 

-p 

cti 

E 

•H 

-P 

CO 

1 

C\2 

0 

H 

P 

cd 

H 

CM\ 


li  CO 

'  0 

S  cd 

S  CO 


•CD 
0 
•H 
O 
0 

Pi 

CO 


PI 
0 
o 

0 


•H 
+^ 
Pi 

Cd 


CO 
0  Pi    'Ci 

CO     Sh     0     O 

fi    Cd  ^    O^ 
0  Td  -p   ^^^ 
O    0    O  -P  -nM 
Co        <^ 

i-H      oa  o 

CO 


0 


•H 
Cd    T) 

0 


I 

CO 

cd 


O 
Q 


^l 


0 


cd! 
PI 


cd 

CO 

0     0, 
T3    Pi 

fl    'rH 

O    P| 
Oh 


I 

Cm  -P 

O    CO  p, 

fH  O     tu 

•   rH  P.    PJ 

O   'H  0    -H 

^     ^     ^     .. 
Cm    0 

rH  O     >  CO 

cd  'H  iH 

-P  ■>   -p  tH 

O  O     O  -H 

iH    Pi    a)    6 


Pi  CO 

O  m 

•H  cd 

-P  rH 

o  o 
pi 

TJ  0 

O  N 

P.  'H 

PL,  CQ 


rH 


O 

O 


o 

CM 


O 
O 


O 
O 

CV 


o 

rH 


O 

to 


1> 


!> 


to 


i> 

UA 

O 

iH 

O 

-nC 

c^ 

1 

C\) 

iH 

to 

rH 

CV 
rH 

CM 

rH 

o 

O 

CA 

o 

C\i 

O 

O 
CV 

o 

O 
UA 

o 
to 

o 
to 
(J- 

rH 
\0 

caT 

to" 

o 

C\J 

■NT 

cm" 

cv" 

o 

C\i 

O 

o 

O 

O 

rH 

O 
CM 

O 
CM 

o 

■H 

OS 

CV 

rH" 

c^ 

rH" 

O 

O 

o 

O 

to 

O 

r-l 

to 

O 

o 

o 

O 

o 

iH 

to" 

-4- 

CM 

O 

iH 
rH 

O 

C\J 
C\) 

O 

o 

O 
C^ 

o 

O 

O 

UA 

to 

O 
to 

to 

o 

UA 

C\i 

C 

rH 
■H 

cm" 

o 
o 

O 

o 

00 

o 

CA 

o 

rH 

o 

UA 

o 

o 

CM 

o 
to 

o 

UA 
rH 

LTN 

rH 

vO" 
rH 

-<? 

ih" 

O 
C\J 

o 
o 

o 

to 

O 
O 

O 

UA 

o 

O 

O 
O 
O 

o 

UA 

O 

to 
cv 

rH 

to" 
o 

iH 

CM 

cv" 

rH 
CM 

^o" 

UA 
CM 

iH 

C\i 

o 

C\J 

o 

rH 

-4- 

to 

CV 

UA 

■■H 
CM 

rH 
C\J 

o 

CV 

iH 

C^ 
rH 

H 

UA 

-4- 

C\J 

rH 

o 
o 

o 
•p 

o 
o 

IXA 

xt 

o 
-p 

o 

UA 

i 

UA 

O 

-P 

UA 
CV 

o 
-p 

rH 

o 

p> 

O 
iH 

O 
-P 

o 

rH 

P^ 
0 
Td 

!> 

nD 

UA 

-4- 

CA 

CM 

(H 

O 

o 
o 


o 

o 
o 

cm" 


o 
to 


■  CV 


O    -sj- 


o 

C^  CM 

o     • 

■^  UA 
UA   r-\ 


O 

o 

c^  O 

UA  f> 

cv 


O 

o     • 

>N  UA 
CM    UA 

UA 

•st- 


-J- to 

r^  UA 


0| 

to  o| 

!>  O 

UA   r-\ 


UA| 


CO 

0 

CO 

CO    -p 

cd    fi 

rH     3 

o   o 


^[ 
0  I 

o  I 

© 

Pm 


0 
-p 
o 
p; 
-p 
o 
o 

<H 


© 
I — i 

© 
0 
CO 


PI 

o 

bo 
© 

Td 
O 
O 

^ 

© 

© 
-p 
p; 

■H 

© 
+^ 

CO 
•H 


-P 

o 

cd 

a 

Pi 

O 
Cm 
•H 
rH    -P 

Cd  c^H 
Pi  ^ 

.H    ^ 
CO    '^ 

0 

"H    O 
-P   rH 

3   -P 

o  ra 

O     0 


3 


© 
© 
Pi 
-p 


-P 


O 
c^ 


© 

P' 

•H 
Pr 

© 
-P 
•H 

PI 
P( 
© 
-P 
CO 
© 


-P 
Cm 


O 
r-i 

UA 

©     CO 
Pi     © 

-H  '■C3 
ft  Pl 
rH 
P(  O 
©      Pi 

-P   -H 

rH 
d      -^ 

o  u 
o   cd 

"3 

rO       © 


o 


rH 

cd 


(^ 

cd 
0 

0     CO 

PI    Pi 

•H  © 
Pa  O 
PI 
l>i-H 
© 

P(    o 

Cm   -P 
Cm 
© 


CO 

O 

0 

-P 

TJ 

Id 

Pi 

H 

& 

O 

C) 

Pi 

^ 

M 

C/J 

PI 
o 

•H 
CO  -P 
0  -H 
Td    Td 

pi  Td 

rH     Cd 

Pi   Pi 

M    M 


7d 
0 

-P 
Pi 

o 
p^ 
© 
Pi 

to     Vj 

-<!-  cd 
O   ^ 

0 

Pi  a 

'H    o 

c^ 

o  -P 

•H   r3 

0 

cri 
© 

Pi 


CO 

u 
cd 

<H     0 
Ph     >> 


©  Pi 

rC  0 

-p  s 
Pi 

Pi  o 

•H  Cm 

rJD  Pi 


Pi  -P 


•H    P 
-P     O 

Cd 

Pi     VJ 

0  <d 

P.  ^ 
o 

PI  Pi 

O    0 

''I 

CV    "3 

O^   rH 

0  ncj 
P    O 


O 

Pi 
cd 


Pi  PI 

-H     O 

Pk-H 
-P 

©  "H 
rH    ro    ^ 

O    'Td     Cd 

ft  Cd  ^ 

0  o 

tio  PJ  p 

t:J  M  Pu 
o 


>^ 


^|CM|C^i-Nf|      ■=   UA[vO| 

-p 
Cm 


o 
to 


-5- 


ra 

m 

CO 

iH 

o 

Q) 

N 

"H 

CO 

a 

o 

•H 

-P 

O 

;:! 

tX) 

Td 

-<f 

O 

o 

^1 

rH 

P 

1 

Td 

a 

\^ 

CO 

^d 

CO 

o 

0 

=  H 

•H 

ti 

O 

CD 

® 

DC^ 

P 

CO 

TZl 

O 

> 

O 

^ 

m 

T3 

1 

CD 

ct; 

a 

o 

CO 

■'H 

=H 

-P 

C 

O 

^l 

d 

o 

T3 

Cn 

o 

•H 

Sh 

rH 

p 

CO 

O 

Sh 

CD 

rQ 

1 

rH 

'O 

® 

-O 

CO 

S 

•H 

-P 

CO 

W 

CD 
I — I 

CO 

EH 


-P 

P 

0) 

CO 

o 

CD 

u 

■H 

CD 

O 

Oh 

CD 

o    O          O    ^ 

P 

>: 

CO 

H 

,-\ 

+^ 

!-i 

P 

< 

CO 

P 

o 

u 

Q) 

Td 

r-\ 

< 

a  «        o  c        a  Q 

•n 

-P    ?H    ^1 

\ 

S^    O    CO 

CMll   O  Cn   t3| 

y s 

D-.    JH    CD 

« 

O    O 

-p 

CO        so        O  0 

'^ 

iM 

CO     0 

« 

tU}  P 

13 

;;J   'H 

rQ 

CO    P 

■j  g        i:i  o        o  o 

S 

CO 

CO 

O 

CO 

;^    CD 

© 

\    CD     P 

'H 

-^tl  '-g  -H 

O 

P     P 

® 

O 

P 

P^ 

OQ 

°  •        o  o        o  . 

>: 

CO    o 

^ 

^    o 

-p  p 

T3 

H      ?H 

CD 

cn  P 

^ 

CO 

CO 

O   O           O    o          O   « 

CO 

® 

u 

\     -P      M 

Q> 

C^   »H   'H 

^ 

rP      'V^ 

^ 

h^ 

1 

CO 

CO 

rH      ^1 

^t 

o 

p 

TJ 

o 

o 

^ 

t3 

CD 

W 

1 

Vi          -P 

O    CO    !h 

tH    O    ty 

•  rH    ft   fl 

O   'H     Q)     H 

S     e     iH 

OO            OO            or^            v.?l 

1^    Q) 

rH     O     >     CO 

CO           -H    rH 

-P         ■   -h'    .H 

O     O     OH 

H  Pi  CO  e 

P     CO 

O     CO 

•H     cO 

-P   rH 

o   o 

d 

TJ     (1) 

O     tS3 

U    -H 

Ph     CO 

C> 

-sT 

<r\ 

c^ 

0^ 

rH 

O 

r-^ 

1 

H 

■sr 

CV 

r-i 

CM 
C\i 

--t 

CM 

O 

O 

rH 

O 
-xt- 

O 

o 

rH 

O 
rH 

O 
O 

to 

o 

-4 
C\J 

O 
C\2 
CO 

o 

O 
Cvi 

1 
1 

C\) 
C\J 

1 
1 

txT 

1 
1 

rH 

1 

1 

c^ 

CM 

cv 

1 

o 

C\i 

to 

CM 

O 
O 

C\J 

o 

C^ 

1 

1 

to 

1 
1 

1 
1 

1 

1 

o 

1 

1 
1 

O 

LA 

O 
-xf 

to 

o 
o 

c^ 
o 

CAJ 

o 

r-\ 

O 
■sf 
CV 

O 

■s^ 
to 

1 

1 

o 
o 

UA 

O 
C^ 

1 
1 

1 

o 

rH 

1 

1 

1 

CD 
vH 

O 

o 

C\i 

CD 
CD 
-4- 

1 

rH 

ufA 

O 
CNJ 

O 

o 

C\! 

o 

o 

o 

UA 

O 

I 

1 

1 

cv" 

o 

-St- 

O 
O 

O 

o 

-4- 

O 

O 

o 

C\J 
C^ 

CD 
CM 

liA 

o 

-si- 

O 

o 
to 

O 

UA 

o 

c\i 

rH 

^ 

o 

to 

to 

C\) 

UA 
r-{ 

O 
O 

o 

!> 

o 
o 

O 

tX) 

O 

o 

-4- 

O 

rH 

O 
O 

C^ 

O 
CM 

o 

CM 

to 

C\J 

-4- 

txT 

o 

r-\ 

O 
rH 

lTn 

!> 

C^ 

rH 

C\i 

rH 

to 

UA 

ir\ 

!> 

c^ 

C\i 

C^ 

rH 

CM 
CM 

to 

r-t 

^-^ 

CD 
> 
O 

p 

CO 

s 

O 
O 
<r\ 

CM 

O 
-P 

i-l 

XT 

rH 

O 

•P 

O 

rH 

O 

O 

-P 

ON 

O 

-P 

O 

ON 

o 

•p 

o 
o 

IXA 

9 

■st- 

O 

-P 

O 

UA 

UA 

in 
Q) 

P 

to 

l> 

vD 

UA 

-nT 

C^ 

C\i 

r-\ 

O 

o 

CM 
CM 

UA 
UA 


O      I 

o 

CM 


CD      I 

to 


O 

0^  rH 


o 

C^  -4 
UA 


O 
to  vO 


o 

I>-  CM 
UA 

r-\ 


O 

r-i    rH 

-4- 

O   C^ 

c^ 

UA 


O 
CM  vD 
rH         ' 

-to 

C^  UA 

O 

!> 


O 

UA   O 
O    UA 


o 

0^  O 
O  O 

(^   r-\ 


UAl 


P 

o 

•H 
+^ 

u 
o 
p, 

p 
^1 

CD 
H^ 
CO 
CO 
(D 

0 

s 

0 

fH 
-P 
X 

0 

p 

=  H 
-P 
ft 
0 
CJ 
><! 

0 


O 

P 
■H 
O 

o 
p 

0 


O 

cP 


N 
P 

O 

CO 


ffi    cd 
CO 

•p  p 

^  a 

o 
s  o 


rH 

0 
Q 


P 

OO  CO 

CO  CO 
0 

■  H  •*^ 

+^  CO 

P  U 

B  CO 

O  rH 

O  O 

5l£)  CO 

P  +^ 

•H  P 

^  CO 

O  CO 


»H 
S 

-nT 

CO 
CO 
CO 
r-^ 
O 

;^ 
o 
o 

rH    = 

e 

0 

rP 

p 
p 
0 
-p 

CO 
0 


to 
Nf 
o 

H 
•H 

O 

'H 

bo 

0 

o 
o 

© 

0 

rC 
■P 

P 

=H 


.  oH 
0  S 
P!     ^ 

=H  ^ 
ft  P 
•H 
t>^-P 
0  CO 
P  P 
0     0 

+^     ft 


.  .     O 

^  B 

O   UA 
-4- 


+^ 


O 


-P 


O    CO 

Cm    73 

0 
CO  S 
0   d 

Td    rH 

p  «5: 


t3 
•P  ,^3 
CO 

0  S 
P 

CO  O 
©  vD 

P    rH 
O     CO 

+>   © 

p  p 

^    rH 

o  o 

^  p 

CO    M 


© 
rH  P 
rH     © 

eg  .^ 

S    -P 
CO 

P 
CO  O 
•H 
CO  -P 
©  -H 
^3    Td 

P  Td 

rH     CO 
O 
P     P 


P 

e 
o 
p 
o 

CO 


-6- 


FDREST  RESEARCH  NOTES 

US.DEPARTMENT  OF  AGRICULTURE 
FOREST  SERVICE 

CALIFORNIA  FOREST  AND  RANGE 
EXPERIMENT    STATION* 

STEPHEN  N.  WYCKOFF,      Director 


No.  66 


February  6,  1950 


BOARD-FOOT  AND  CUBIC -FOOT 
VOLDTVE  TABLES  FOR  SECOND-GROWTH  REDWOOD 

By  A.  A.  Haseli/ 
Forest  Surveyj  Division  of  Forest  Economics 


The  tables  presented  here  are  for  use  in  estimating  the  volume 
of  second -growth  redwood  trees:  board-foot  volume  by  the  Scribner  and 
International  1/4"  rules,  cubic  volume  in  the  sawlog  portion,  and  cubic 
volume  to  a  4"  top  diameter.  The  tables  were  prepared  in  connection 
with  the  forest  survey  of  California,  which  is  being  conducted  as  part 
of  the  nation-wide  Forest  Survey  Project. 

Since  the  tables  by  Bruce  and  Schumacher2/  were  prepared,  suf- 
ficient time  has  elapsed  to  provide  larger  trees  for  measurement.  The 
volumes  given  here  for  sawlog-size  trees  are  based  on  measurements  on 
118  trees,  of  which  70  represent  new  data  mainly  in  the  larger  size 
classes „  The  largest  tree  measured  was  60  inches  d.b.h,,  and  the  tables 
extend  through  this  diameter  class.  For  second -growth  trees  larger  than 
60  inches  d.b.h.  it  is  likely  that  existing  old-growth  tables  will  apply 
satisfactorily.  Data  for  trees  of  less  than  sawlog  size  were  randomly 
selected  from  Forest  Service  data  collected  in  1899,  All  data  were 
collected  in  Del  Norte,  Humboldt,  Mendocino,  and  Sonoma  Counties.  The 
top  utilization  for  the  sawlog  portion  of  the  trees  was  determined  from 
a  s-urvey  of  utilization  practices  on  Forest  Service  sales  (fig.  3)  in 
other  timber  types,  since  an  adequate  sample  of  practice  in  second- 
growth  redwood  was  not  available. 


1/  Grateful  acknowledgment  is  made  of  assistance  given  by  other 
members  of  the  Division  of  Forest  Economics,  including  Miss  A.  E.  Rae 
for  computations,  K.  Schoenlank  for  compilation  of  volumes,  and  E.  M. 
Hornibrook  for  helpful  advice. 

2/  1925.  Bruce,  Donald,  and  Francis  X.  Schumacher.  Revised 
Volume  Tables  for  Second-growth  Redwood.  Jour.  Forestry  23?  148-155. 


*  MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 


Procedure 

Tree  measurements  were  plotted  on  Forest  Service  Tree  Measurement 
Form  558a  (Rev.  November  1928)  and  cubic  volumes  were  obtained  by  planim- 
etering-.  Board-foot  volumes  were  obtained  by  scaling-  in  16-foot  lengths, 
allowing  0.3-foot  for  trim.  Additional  top  sections  and  small  trees 
were  scaled  as  8-foot  logs  or  fractions  of  8-foot  logs„  Diameters  at  the 
small  end  were  read  to  0„ 1-inch  on  Form  558a;  and  the  scale  was  deter- 
mined from  the  following  formulas  •» 

16-foot  logs 

Scribner  vorume  =  0,79  D^  -  2D  -  4 

International  1/4"  volume  =  0.796  D^  -  1.375D  -  1.230 

8-foot  logs 

Scribner  vol-ome  =  0.395  D^  -  D  -  2 

International  1/4"  vol^jjiie  =  (0.44  D^  -  1.2D  -  0,3)  0.904762 

The  volume  tables  are  based  on  the  relationship  of  volume  to  diameter, 
height,  and  the  Girard  form  class^  which  may  be  defined  as  d,i.b„  at  the 
small  end  of  the  butt  16-foot  log  expressed  as  a  percentage  of  d.b.h.  o,b 

Converting  Factors 

The  volumes  are  tabulated  for  Form  Class  70,  which  is  average  for 
the  data,  but  factors  are  given  for  converting  volumes  to  other  form 
classes.  The  tables  can  therefore  be  readily  adapted  or  localized  to 
particular  stands,  or  types  of  trees  in  the  stand,  by  determining  the 
form  class  of  the  particular  stand  to  be  cruised.  Determination  of  form 
class  on  50  trees,  well  distributed  throughout  the  range  of  diameters 
and  over  the  area,  should  be  satisfactory  for  this  purpose.  If  form 
class  does  not  vary  with  diameter,  the  stand  average  may  be  used. 

Heights  to  tip  and  to  4-,  8-,  10-,  and  12-inch  i.b,  top  diameters 
are  curved  over  d.b.h,  in  Figure  1.  These  curves  indicate  average  taper 
in  the  tops  and  therefore  provide  a  guide  to  converting  heights  from  one 
top  diameter  basis  to  another.  Together  with  the  curve  of  merchantable 
lengi^h  in  Figure  2,  they  make  it  possible  to  adjust  the  total  cubic 
table  to  larger  top  diameters,  or  to  approximate  the  board-foot  volumes 
on  a  fixed  top  diameter  basis . 

Growth  and  Form-class  Determinations 

The  bark  thickness  curves  in  Figures  4,  5,  and  6  are  useful  in 
connection  with  growth  studies  and  form-class  determination. 

Example  of  growth  determinations 
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(1)  Tree  30 ,.0  in.  d.boh„,  5  logs,  present  vorame  1000  b,f . 
Scribner,  Increment  core  shows  1.5"  radial  growth  past 
10  years , 

(2)  Figo  4  indicates  bark  thickness  now  4-.S".  Then,  30.0  - 
4.8  -  2(1.5)  =  22.2  in„  d„i.b.  ten  years  ago. 

(3)  Fig.  6  indicates  bark  thickness  of  4.2  in.  10  years  agOj 
so  22 „ 2  +  4.2  =  26.4  in.  d„b.h.  10  years  ago. 

(4)  Assume  curve  of  height -diameter  relationship  indicates 
height  of  4  logs  to  merchantable  top  for  tree  26.4  in. 
dob.ho  From  Table  1,  volume  10  years  ago  is 

615  +  (710-615)  1/5  =  634  b.f „ 

(5)  Growth  during  past  10  years  was  1000  -  634  =  366  board 

feet. 

Example  of  form  class  determination: 

(1)  DoB.H,  of  tree  is  30.0  in,  o.b, 

(2)  Determine  location  of  top  of  first  16-foot  log  (1.5' 
stump  on  uphill  side  plus  16.0'  log  plus  0,3'  trim): 
17.8  ft.  above  ground, 

(3)  Carefully  estimate  average  taper  from  b.ho  to  top  of 
first  log  by  use  of  plumb  bob.  Best  to  do  this  from 
uphill  side  of  tree  so  that  eye  is  about  level  with 
point  midway  between  b„he  and  top  of  log.  Average  one- 
side  taper  estimated  to  be  3.0  in„ 

(4)  Then,  30.0  -  2(3.0)  =  24.0  in.  o.b.  top  first  log. 
From  Fig.  5.  bark  thickness  is  3.0  in. 

^^''^n'c?'^     ^  -^^^   =  70  =  form  class. 

The  curve  of  form  class  over  d.b.h.,  for  all  the  data 
used  is  shown  in  Fig.  7.  The  average  of  all  trees  was 
very  close  to  70. 
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Fig.3~  Top  utilization    by   d.b.h.  classes.    (Based  on 

Forest    Service   data    for  other    species,  1945) 
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Fig. 5  —  Double   bork    thickness    in  inches    at    top  of    first 
16-foot    log    by    d  b.h.  (Based  on  149    trees) 
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Fig. 6—  Double  bark    thickness  in  inches  at    B.H.  by 
d.b.h.   inside  bark.  (Based    on    149  trees) 
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Table  1.-  Form-clasg  Volijme  Table  for  Second -growth  Redwood 


BOARD  FEET   -   S 

CRIBNER  R'JIE 

Form  Gla 

ss  70 

•• 

D.B,H„; 

.Minimum 

:Basis 

in  ■». 
inches: 

Height  in 

number  of  16 „ 3-foot  logs  util 

ized 

: top  d.i.b. 
;;  utilized 

:No.  of 

1 

3 

lit. 

5 

6 

7 

8 

9 

10 

"trees 

12 

105 

...  .... 

8 

37 

72 

9 

14 

50 

97 

142 

9 

13 

16 

18 

65 

125 

157 

183 
2^0 

240 

302 

372 

' 

10 
10 

17 

82 

9 

20 

101 

193 

282 

370 

456 

541 

11 

8 

22 

121 

232 

340 

445 

549 

651 

11 

6 

24 

143 

275 

402 

526 

649 

770 

890 

12 

4 

26 

321 

469 

615 

758 

900 

1040 

12 

8 

2$ 

30 

370 

542 
619 

710 

811 

875 
1000 

1038 

1200 

1372 

1360 

1555 

" 

13 
13 

10 

423 

1187 

3 

32 

479 

701 

919 

1133 

13^5 

1554 

1762 

14 

6 

34 
36 

539 
602 

789 

1033 
1154 

1274 
U23 

1512 
1689 

1748 
1952 

1981 
2213 

2472 

2729 

14 

15 

8 

881 

4 

38 

668 

978 

1282 

1580 

1875 

2168 

2457 

2745 

3030 

15 

4 

40 

738 

1080 

1415 

1745 

2071 

2394 

2714 

3031 

3346 

15 

2 

42  • 
44 

1187 
1299 

1556 
1702 

1918 
2099 

2276 
2491 

2631 

2983 
3264 

3331 

3645 

3678 
4025 

16 
16 

1 

2879 

3 

46 

1416 

1855 

2288 

2715 

3138 

3557 

.3973 

4386 

17 

1 

48 

2014 

2484 

294,8 

3407 

3863 

4314 

4763 

17 

1 

50 

, 

2180 

2688 

3190 

3687 

4180 

4669 

5155 

18 

- 

52 

■- 

2352 

2900 

3442 

3978 

4510 

5037 

5561 

18 

- 

54 

2530 

3120 

3703 

4280 

4852 

5419 

5983 

18 

- 

56 

2715 

33^8 

3973 

4592 

5206 

5815 

6419 

19 

- 

58 

2906 

3583 

4253 

4Q15 

5572 

6223 

6871 

19 

- 

60 

3103 

3826 

4541 

5248 

5950 

6646 

7337 

20 

-] 

Trees 

22 

33 

12 

25 

17 

8 

T 

- 

- 

- 

118 

Stump  height  18"  on  uphill  side,, 

31ock  indicates  extent  of  basic  data„ 

?OTTD   Class:  Dia.moter  inside  bark  at  top  of  first  16,3-foot  log  divided  by  diameter 
outside  bark  at  breast  heighx,  the  result  being  multiplied  by  100 „  Table 
above  is  for  the  average  Form  Class  of  the  sample  trees.  Factors  in  the 
tabulation  on  the  reverse  side  are  to  be  used  co  get  voluxes  for  other  Form 
Classes „ 

Che  equations  from  which  the  tabled  voluro.es  were  obtained  are  as  follows: 

Logarithm  b.f ,  vol.  =  Io936j011  (logarithm  d.b„h,  in  inches)  +  0.939,164 
(logarithjE.  utilized  length  in  feet)  +  0.009,961  (form  class)  -  2.351,894. 

Iverage  deviation  of  individual  tree  volumes  from  values  estimated  by  the  equation 
IS  3,9  percent, 

Aggregate  difference:  Estimated  values  0„19  perceno  low. 
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Table  1  (continued) 


MULTIPLIERS  FOR  OTHER  FORM  CLASSES 


Form  class  is  100  times  d.i.b.  top  first  log  divided  by  d.b.h.  o.b.  Factors  by 
which  to  multiply  volumes  in  Form  Class  70  table  to  obtain  volumes  for  other 
form,  classes:, 


Form  Class   „ 

(Units) 

(Tens) 

0 

1 

2 

3 

4            5 

6 

7 

8 

9 

5 

0.63 

0.65 

0.66 

0.68 

0.69     0.71 

0.73 

0.74 

0.76 

0.78 

6 

0.80 

0.81 

0.83 

0.85 

0.87     0.89 

0.91 

0.93 

0.96 

0.98 

7 

1.00 

1.02 

1.05 

1.07 

1.10     1.12 

1.15 

1.17 

1.20 

1.23 

8 

1.26 

1.29 

1.32 

1.35 

1.38     1.41 

1.44 

1.48 

1.51 

1.55 

Exam.ple:  Volume  of  36",  5-log  tree  of  form  class  78  is  1423  x  1.20  =  1708, 


Prepared  by: 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 


A.  A.  Hasel 
February  1950 


Additional  copies  of  this  table  may  be  obtained  from  the  California  Forest 
and  Range  Experiment  Station,  Box  245,  Berkeley  1,  California. 
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Table  2.    -  Form-class  Volume  Table  for  Second -growxh  Redwood 
BOARD  FEET   -  IN'TERIjATIOKAL  1/4-INCH  RULE 
E'orm  Class  70 


D,BJi„: 

in  : 

Heifi-ht  in  number  of  16„3~foox  lofi-s  utilized 

:  Minimum 
_;,  top  d,i.b. 
c utilized 

:Basis 
:No.  of 

inches: 

1 

2    3     4     5     6     7     8     9 

10 

: trees 

12 

14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
3S 
40 
42 
44 
46 
4S 
50 
52 

54 
56 
58 
60 


44 

B3 

122 

*."  . 

8 

9 

58 

111 

162 

9 

13 

74 

142 

177 

208 

272 

L339 

418 

10 
10 

17 

Q2 

258 

9 

112 

215 

314 

411 

507 

602 

■■ 

11 

8 

133 

256 

374 

4'"d 

605 

718 

11 

6 

157 

301 

440 

576 

711 

843 

975 

12 

4 

348 

510 

668 

824 

978 

1130 

12 

8 

400 

585 
664 

766 
870 

945 

1073 

1121 
1274 

1296 
1472 

1469 
1669 

13 
13 

10 

454 

3 

512 

749 

981 

1209 

U35 

1659 

1880 

'  14 

6 

572 
636 

837 

1097 
1219 

1353 
1504 

1605 
1784 

1855 
2062 

2103 

23  38 

2611 

2883 

14 
15 

8 

931 

4 

703 

1028 

1347 

1662 

1972 

2279 

2583 

2885 

3186 

15 

4 

773 

1131 

1481 

1827 

2168 

2506 

2840 

3172 

3502 

15 

2 

1237 

1621 

1999 

2372 

27^2 

3108 

3472 

3833 

16 

1 

1349 
1464 

1767 

2179 
2365 

2586 
2807 

2988 

3244 

3387 
3677 

3784 
4108 

4177 
4535 

16 
17 

3 

1918 

1 

2075 

2559 

3037 

3510 

3978 

4444 

4906 

17 

1 

2238 

2759 

3275 

3785 

4290 

4792 

5290 

18 

- 

2406 

2967 

3521 

^,06Q 

4613 

5152 

5688 

18 

- 

2580 

3181 

3775 

4363 

4946 

5525 

6099 

18 

- 

2759 

3402 

40.38 

4667 

5290 

5'^09 

6523 

19 

- 

2944, 

3630 

4308 

4979 

5645 

6305 

6960 

19 

- 

3135 

3865 

4587 

5301 

6010 

6712 

741i 

20 

1 

Trees 


33 


12 


!5 


1 


8 


118 


Stump  height  18"  on  uphill  side. 

Block  indicates  extent  of  basic  data. 

Form  Class'  Diameter  inside  bark  at  top  of  first  16. 3-foot  log  divided  by  diameter 
outside  bark  at  breast  heighx,  the  result  being  multiplied  by  100,  Table 
above  is  for  the  average  Form  Class  of  the  sanple  trees „  Factors  m  the 
tabulation  on  the  reverse  side  are  to  b©  used  to  get  volmnes  for  other  Form 
Classes. 

The  equations  from  which  the  tabled  voronies  were  obtained  are  as  follows: 

Logarithm  b,f .  vol.  =  1.848„446  (logarithm  d.b.h,  in  inches)  +  0„939,005 
(logarithm  utilized  length  in  feet)  +  0.009^548  (form  class)  -  2. 162', 583. 

Iverage  deviation  of  individual  tree  volumes  from  values  estimated  by  the  equation 
is  3.0  percent 

Iggregate  differences  Estimated  values  0„19  percent  low. 


_9_ 


Table  2  (continued) 


MULTIPLIERS  FOR  OTHER  FORM  CLASSES 


Form  class  is  100  times  d,i.b„  top  first  log-  divided  by  d.b„h.  o.b.  Factors  by 
which  to  multiply  volumes  in  Form  Class  70  table  to  obtain  volumes  for  other 
form  classes: 


Form  Class   : 

(Units) 

(Tens)        : 

0 

1 

2 

3 

4           5 

6 

7 

8 

9 

5 

0,64 

0,66 

0.67 

0.69 

0.70     0.72 

0.74 

0.75 

0.77 

0,79 

6 

0.80 

0.82 

0„84 

0.86 

0.88     0.90 

0.92 

0.94 

0.96 

0.98 

7 

1„00 

1.02 

1.04 

1.07 

1.09     1.12 

1.14 

1.17 

1.19 

1.22 

S 

1,25 

1„27 

1.30 

1.33 

1.36     1.39 

1.42 

1.45 

1.49 

1.52 

Example:  Volume  of  36",  5 -log  tree  of  form  class  78  is  1504  x  1.19  =  1790, 


Prepared  by: 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S  Department  of  Agriculture 


A.  A.  Hasel 
February  1950 


Additional  copies  of  this  table  may  be  obtained  from  the  California  Forest 
and  Range  Experiment  Station,  Box  245,  Berkeley  1,  California. 
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Table  3 . -  Form-class  Volume  Table  for  Second -growth  Redwood 


Cb^BIC  FEET  IN 

SAWLOG 

PORTION 

• 

^ 

^orm  Class  70 

D.B.H. 

Ulinimum 

.Basis 

in  ; 

Height  in 

nuTDber 

of  16, 

3 -foot 

logs  utilize 

d 

:  top  d.i,b. 
.utilized 

:  No,  of 

inches 

1 

-1 

3 

/ 

5 

6 

7 

8 

9 

10 

: trees 

12 

18.7 

, 

8 

8. 

J.. 

13.4 

9 

14 

10 

8 

17„9 

25,0 

9 

13 

16 
18 

13 

'9 

23.1 
28.8 

32,2 

40,1 
50,1 

59,4 

10 
10 

17 

17 

3 

40.2 

9 

20 
22 

21 
25. 

1 

2 

35,1 
42.0 

49.0 
58,6 

61,1 
73,0 

72.4 

83,3 
99,7 

11 
11 

8 

86.7 

6 

24 

29 

7 

49.4 

69,0 

86.0 

102, 

117. 

132. 

12 

4 

26 

57,4 

80.2 

100, 

119, 

136, 

154. 

12 

8 

28 
30 

66,0 

92,2 
105, 

115, 
131, 

136. 
155, 

157. 
179, 

177  0 
201, 

196, 
223 

13 
13 

10 

75.2 

3 

32 

84,9 

119. 

148, 

175, 

202, 

227, 

251, 

14 

6 

34 

95.1 
106, 

133. 

166, 
184. 

196  „ 

219. 

226, 
252, 

254, 
283, 

282. 

314, 

343, 

372, 

14 

15 

8 

36 

148. 

4 

38 

117. 

164. 

204, 

242, 

279 , 

313, 

347, 

380, 

412, 

15 

4 

40 

129, 

180. 

225, 

267, 

307, 

345 ,  . 

382, 

419, 

454 . 

15 

2 

42 

198, 

246, 

292, 

336, 

378,1 

419, 

459, 

497. 

16 

1 

44 

216, 

269, 

319. 

367, 

413, 

458. 

501. 

543, 

16 

3 

46 

234. 

292, 

347, 

399, 

449 , 

497, 

544, 

590. 

17 

1 

48 
50 

317, 

342, 

376. 
406, 

432, 

486, 
525, 

539, 
582, 

590, 
637. 

639, 
690. 

17 
18 

1 

467. 

- 

52 

368. 

437, 

502. 

565, 

626. 

686  „ 

743, 

18 

- 

54 

395, 

469 , 

539, 

607, 

672. 

736, 

798. 

18 

- 

56 

423, 

502  „ 

578,  • 

650, 

720, 

786, 

854. 

19 

- 

5B 

452, 

536, 

617, 

694. 

769. 

842, 

913  = 

19 

- 

60 

482 . 

572. 

658, 

740, 

820, 

897, 

973. 

20 

1 

?rees 

2; 

) 

33 

12 

25 

17 

8 

1 

- 

- 

- 

118 

^olmrie  excluding  bark, 

Jtump  height  18"  on  uphill  side, 

iloek  indicates  extent  of  basic  data, 

'orm  Class:  Diameter  inside  bark  at  top  of  first  16. 3-foot  log  divided  by  diameter 
outside  bark  at  breast  height j  the  result  being  multiplied  by  100.  Table 
above  is  for  the  average  Form  Class  of  the  sample  trees.  Factors  in  the 
tabulation  on  the  reverse  side  are  to  be  used  to  get  vorumes  for  other  Form 
Classes , 

ihe  equations  from  which  the  tabled  voluiries  were  obtained  are  as  follows  s 
Logarithm  cubic  volum.e  sawlog  portion  =  1,880,403  (logarithm  d„b.h.  in 
inches)  +  0,766,659  (logaT^ithm  utilized  length  in  feet)  +  0,008,545  (form 
class)  -  2, 649, 799 „ 

verage  deviation  of  individual  tree  vol'omes  from  values  estimated  by  the  equation 
Is  3.5  percent. 

?gregate  difference';  Estim^ated  values  0,10  percent  low. 
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Table  3  (continued) 

MULTIPLIERS  FOR  OTHER  FORM  GLASSES 

Form  class  is  100  times  d^i^b,  top  first  log  divided  by  d,b,h„  o.b„  Factors  by 
which  to  multiply  volumes  in  Form  Class  70  table  to  obtain  volumes  for  other 
form  classes:; 


Form  Class  :, 

(Units) 

(Tens) 

0 

1 

2 

3 

4     5 

6 

7 

8 

9 

5 

0.67 

0.69 

0.70 

0.72 

0.73  0.74 

0.76 

0.77 

0.79 

0.81 

6 

0.82 

0.84 

0.85 

0.87 

0.89  0.91 

0.92 

0,94 

0.96 

0.98 

7 

1.00 

1.02 

lo04 

1.06 

1.08  1.10 

1.13 

1.15 

1.17 

1.19 

S 

1.22 

1.24 

1„27 

lo29 

1.32  1„34 

1.37 

1„40 

1.42 

lo45 

Examples  Volume  of  36",  5 -log  tree  of  form  class  78  is  219  x  1„17  =  256 „ 


Prepared  by: 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U,  S.  Department  of  Agriculture 


A.  A.  Hasel 
February  1950 


Additional  copies  of  this  table  may  be  obtained  from  the  California  Forest 
and  Range  Experiment  Station^  Box  245,  Berkeley  1,  California. 


-12- 


O     W 

cc   td 


vO 

O  O 

rH  r^  ^  OtO 

rH    rH    rH 

vD 

Nl-OO  O 

rH 

r^ 

nO  00  N^  -vf  CM 

rH   C»N  rH 

rH 

' 

1        1        1        1     rH 

in  (^ 
to  H 

rH    CM 

Nf  t^  CM  O  to' 
-nT  I>  rH  -,3- to 
CM   CM   C^  C»\  C'N 

O  r^  o  r-  C^ 

C^  ts   rH  \0   rH 

st  st  in  in  \D 

O    in   OJ    rH    CM 

[s  CM  to  St  O 

vo  ^-  f-  00  cjN 

15  s 

rH    CM 

in    O   rH    C--    in 

0^  ^  O  r^  I> 

CM    CM    rr^  c^  C^ 

in  [>-  rH  r-  sO 

rH    in   O    --J-  CT^ 

^  st  in  in  in 

O  O   in  CM  rH 
St  O  in  H  [> 
vD  t^  o  to  to 

CM  00 

rH    rH 

C~-   !>  O   ~4-  rH 
CM    in  O  CM  x£) 
CM   CM  CM   C^  C^ 

CT^  O  m  r-'  St 
CT-  St  to  CM  I> 
0^  St  ''t  in  in 

c^  st  E>  CM  C7^ 
CM    D-   CM  CO   C^ 
^D  vO   !>  !>  to 

to 

rH 
CM 

l>  O  C^J   C^ 

St  [>    rH    St 
CM   CM    C-%  C^ 

St  C^  St 
to  CM  \D 
m  St  St 

!>  CM 
O  in 
in  in 

O  to  t>  CM   !> 
O  st  O  in  O 
in  xD  ^0    t>  to 

o 

C\t 

m  m  sO  to 

C7^    rH    C»\   U-N 
rH    rH    rH 

to 

rH 

O  f-  I>  O  f^ 
O  c^  ^O  C7^  c*^ 

CM    CM   CM    CM    rr\ 

to  vD  in  \D 
^  O  St  to 
r^  St  St  St 

CM 

in 

St  rH    O    rH    m 
I>   CM    C-  CM    I> 
in  \D  ^O   C^  C^ 

i> 

in 

rH   O   O 

G^  i-~i  c^ 

r-H    r-< 

rH    in 
r-l    r-{ 

O  l>  in  \D  to 

O   CM    in  to    rH 
CM  CM  CM  CM   C»\ 

CM  to  \D  in  vT) 
in  to  CM  sO  O 
c*^  c*N  st  ^  m 

O  St  rH  O  O 
St  C^  ^to  St 
in  in  vD  vD   C^ 

t> 

^ 

rH 
!> 

f-    ITN  ^  NT  [> 

to    O  CM    -J-  sD 

rH    rH    rH    rH 

rH  ^o  ^  r^  c^ 
c^  rH  -J-  !>  o 

rH  CM   CM   CM  C^ 

vO  o 
c^  O 
m  rri 

vO  en  c*\ 
O   St  00 

St  St   St 

st  \0   rH  C^  in 

CM    vD    rH    in   O 

in  in  \D  \0  Cs 

rH 

O   m 

to 

to 

r^  O  to  l>  to 
to  O  rH  c^  m 

rH    rH    rH 
v£>    CM 

rH    in  rH    (JN  00 

to  O  c^  in  to 

rH  CM  CM  CM   CM 

O    rH 
rH    in 

c^  r^ 

in  rH  to 
to  CM  in 
on  St  St 

!>  to  O 
O  C^  to 

-^  in  in 

rH 

to    NT  rH    O    O 

i>    O   rH    C^   U^ 

rH    rH    rH 

rH  NT  O  in  c^ 

l>   (3^  rH    St  [> 
rH    rH  CM    CM   <AJ 

CM  CM   in  to  st 
O  0^  sO  O  c^ 

c^  c^  c»\  r^  St 

rH 
St 

t:~- 

o 

O  t^ 

to 

o 

Nt  00    m  CM    rH 
t--  to  O  (M   -4- 

rH    rH    rH 

rH    r^vD    rH    O 

vD  to  O  c^  in 

rH    rH   CM    CM    CM 

^  c^  c^  in  to 

00    rH    St   t>    O 
CM    C^   C*N  f^   St 

vD  O   t> 

sD  to 

r^  O  rH 

ir\ 

O  t>   ITN 

i-H  <M  r^ 

CM    rH   CM 

sf  in 

^  to 

O  C-N  to 

vO  to  O 

-<r  CM 

<-l  <r\ 

r-i    r-t 

rH    rH   r^  s£)   O 
in   r>-   C>   rH    ^ 
rH    rH    rH    C\J    O^ 

\D    C^  CM    rH 

\0  o  CM  in 
CM  CM  r^  r^ 

-<r  CM    CM 

CO  ir\  r^ 
rH  rvj  r^ 

C^J   CM 

^  C^   H 
nO    t>  C> 

NT  CM    rH 

O   <M 
rH    rH 

r-{ 

O  O  O  rH  r^ 
sr  in  [s.  o  CM 

rH    rH    rH    CM    CM 

txi  c\j  sO 

rH    O 

rH 

vO  r^  O  O^  to 

rH  CM   c^  r^  -4- 
C^   rH    C>    r-   Nf 

rH    •< 
O  to 

to    0^ 

O    rH 

rH 

C?-  c^  in  in 
CM  -st-  sO  to 

rH    rH   rH    rH 

vD 

^£)  u^ 

rH 

O  vO 

•<t 

r^ 

i-l 

»r\  rH    I>    iJ~\   Nt 

rH  CM  CM  r^  -J 

ITN 

-,}•  vi)    <>   (^ 

vD  !>  &  O 

rH 

00  St 
rH  m 

rH    rH 

<~^ 

o  --i- 

to  O  H 

r-\    O 

O  c-^  O  Nf 

r^ 

irs  o 

(^  O   UA 
rH    rH   CM 

CM   O' 
C^  C^ 

00  to  to  o 

^  ITN  \D  to 

O^ 

rvj  f^ 

CM    !>  rH 

C^  CM 

O  ^ 

r\J 

ir\  to 

CM   vD   CM 
r-^    >-*    {>i 

to   tTN 
CM    <^ 

CM    rH 

ir\ 

ii\  r-t 

•^  Nf  O 

(M 

-<t  t> 

S?JS 

vO 

to  o 

CM    ^  \D 
r-\   rH   rA 

to 

o 

CM 

CM 
CM 

CM  CM 

to 

CM 

O 

CM    St  \D  to   O 

c*>  0^  c^  r^  ^ 

^:^ 

•S>  to 

st  St 

O 
in 

CM   St  ^0  to   O 

in  m  in  m  \0 

-13- 


Table  4  (continued) 

Volume  excludes  bark  and  stump. 

Stump  heights  measured  from  uphill  side:.   13"  for  6"  d„b,h.,  15"  for  8"  d.b.h., 
17"  for  10"  db.h.,  and  18"  for  12"  d.b.h.  and  larger. 

Block  indicates  extent  of  basic  data. 

Form  Class:   Diameter  inside  bark  at  top  of  first  16,, 3-foot  log  divided  by  diam- 
eter outside  bark  at  breast  height,  the  result  being  multiplied  by  100. 
Table  on  reverse  side  is  for  the  average  Form  Clf=^ss  of  the  sample  trees. 
Factors  m  the  tabulation  below  are  to  be  used  to  get  volumes  for  other 
Form  Classes. 

The  equations  from  which  the  tabled  volumes  were  obtained  are  as  follows: 

Logarithm  cubic  volume  to  4  inches  i.b.  =  2.081,127  (logarithm  d.b^h.  in 
inches)  +  0„691,137  (logarithm  total  height  in  feet)  +  0.010,285  (form 
class)  -  3.055,417. 

Average  deviation  of  individual  tree  volumes  from  values  estimated  by  the  equa- 
tion is  6„6  percent. 

Aggregate  difference:   Estimated  values  0.01  percent  high. 


MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Form  class  is  100  times  d.i.b.  top  first  log  divided  by  d.b.h.  o.b.  Factors 
by  which  to  multiply  volumes  m  Form  Class  70  table  to  obtain  volumes  for  other 
form  classes;: 


Form.  Class   : 

(Units) 

(Tens)        : 

0 

1 

2 

3 

4           5 

6 

7 

8 

9 

5 

0.62 

0.64 

0.65 

0.67 

0.68     0.70 

0.72 

0.74 

0.75 

0.77 

6 

0.79 

0.81 

0.83 

0.85 

0.87     0.89 

0.91 

0.93 

0.95 

0.98 

7 

1.00 

1.02 

1.05 

1.07 

1„10     1.13 

1.15 

1.18 

1.21 

1.24 

8 

1.27 

1.30 

1.33 

1,36 

1.39     1.43 

1,46 

1.50 

1.53 

1„57 

Example:,  Volume  of  36",  150-foot  tree  of  form  class  78  is  255  x  1.21  =  308. 


Prepared  by:; 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 


A.  A.  Hasel 
February  1950 


Additional  copies  of  this  table  may  be  obtained  from  the  California  Forest 
and  Range  Experiment  Station,  Box  245,  Berkeley  1,  California. 
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BOARD-FOOT  AND  CiJTBIC-FOOT  VOLUME  TABLES 
FOR  SOME  CALIFORNIA  HARDWOODS 

By 

E,  Mc.  Hornibrook,  California  Forest  and  Rang-e  Experiment  Station 
R,  W.  Larson,  Southeastern  Forest  Experiment  Station^/ 
J.  J.  Van  Akkeren,  U,  S„  Forest  Service,  Region  ^5^/ 
A,  A,  Hasel,  U,  S,  Forest  Service,  Region  51/ 

Forest  Survey,  Division  of  Forest  Economics 


The  tables  presented  here  were  prepared  for  estimating  tree  volumes 
of  some  of  the  most  common  hardwood  species  in  California-   California 
black  oak  (Que re us  Kelloggii) ,  Oregon  white  oak  (Q^   Garryana) ,  Pacific 
madrone  (Arbutus  Menziesii ) ,  and  tanoak  (Lithocarpus  densif lora) „  No 
tables  existed  previously  for  these  species.  The  tables  were  prepared 
especially  to  meet  the  requirements  of  the  nation-wide  Forest  Survey,  but 
they  should  be  useful  also  for  general  cruising. 

Method  of  Construction 

His  tables  were  prepared  by  the  logarithmic  regression  equation 
method'^  as  applied  to  form.-class  tables  by  Buell2/o  This  method  ex- 
presses volume  as  a  function  of  d,b,h,,  height,  and  form  class, 

1/  Formerly  members  of  the  Division  of  Forest  Economics, 
California  Forest  and  Range  Experiment  Station. 

2/  Schumacher,  F,  X,,  and  Hall,  F,  Dos  S,  Logarithmic  Expression 
of  Timber-Tree  Volume,   Jour,  Agric,  Research  47s 719  -733.   1933, 

2/    Buell,  J,  H,  Outside-bark  Form  Class  Volume  Tables  for  Some 
Southern  Appalachian  Species,  Technical  Note  No.  53,  Appalachian  Forest 
Experiment  Station^  Asheville,  North  Carolina, 


MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 


Measurements  of  each  tree  were  plotted  on  Forest  Service  Tree 
Measijrement  Form  558a.  Cubic  volume  was  determined  by  planimetering  on 
Form  558a.  Total  cubic  volume  includes  the  entire  cubic  volume  of  both 
the  main  stem  and  branches  to  a  4-inch  top  diameter,  while  the  sawlog 
cubic  volume  is  limited  to  the  merchantable  portion.  Board-foot  volumes 
were  obtained  by  scaling  the  logs  in  the  main  stem  and  forks  to  a  utilized 
top„  The  log  scaling  length  was  8  feet  plus  trim  allowance,  while  the 
utilized  top  diameter  was  never  less  than  10  inches  inside  bark.  By 
definition^  the  minimum  merchantable  hardwood  log  was  considered  to  be  a 
log  straight  and  sound  enough  to  produce  a  2"  x  8"  x  8'  plank.  The  total 
cubic-foot  tables  include  both  sawlog  trees  and  cordwood  trees,  the  latter 
being  trees  that  were  too  rough  to  contain  a  sawlog  according  to  the 
preceding  definition. 

Form  Class 

Form  class  (Girard's)  is  the  ratio  of  diameter  inside  bark  at  top 
of  the  first  16,3-foot  log  to  d.b.h,  outside  bark,  expressed  as  a  per- 
centage. This  may  be  written  algebraically: 

Form  class  =  (l.i.b,  top  of  first  16J-ft.  log  ^  100 

d.b.h,  o,b. 

Figure  1  (page  4)  shows  the  relation  of  form  class  to  d.b.h,  for 
the  sample  trees  used  m  preparing  the  tables.  Whether  this  is  a  good 
general  representation  of  the  distribution  of  form  class  by  diameter 
classes  for  these  species  is  not  known.  Considering  the  limited  basis 
for  these  curves  the  values  shown  should  serve  only  as  guides  and  not  be 
used  indiscriminately.  Form  class  should  be  determined  for  each  stand 
or  locality  where  the  tables  are  to  be  used. 

Each  volume  table  is  prepared  for  the  average  form  class  of  the 
sample  trees  on  which  it  is  based.  Multipliers  are  given,  however,  for 
converting  volumes  to  other  forro_  classes.  By  using  the  multipliers  these 
tables  can  be  readily  adapted  to  fit  any  particular  stand  or  size  class 
by  first  determining  the  form  class  in  the  stand  to  be  cruised. 

How  to  Use  the  Tables 

1.  Determine  form  class  for  each  species  to  be  cruised.  To  get 
the  form  class  of  an  individual  tree,  measure  or  estimate  the  taper  out- 
side bark  from  breast  height  to  the  top  of  the  first  16-foot  log  and  sub- 
tract this  amount  from  d.b.h.  to  get  d.o.b,  at  the  top  of  the  log.  Measure 
bark  thickness  at  the  top  of  the  first  log  if  possible.  Otherwise  use 
table  13  to  get  the  double  bark  thickness  for  the  appropriate  d.b.h.  class 
and  deduct  this  amount  from  d.o.b.  top  of  first  log  to  get  d.i.b.  Enter 
these  values  in  the  equation  and  compute  form  class. 

Example,  Black  oak  measured  d.b.h.  o„b.  is  24,3  inches,  taper 
to  top  of  first  log  is  5  inches,  double  bark  thickness  is  1.4 
inches.  Then,  d.i.b,  top  first  log  =  24,3  -  5  -  1.4  =  17.9. 

Form  class  =  ^2^  x  100  =  74^ 
24.3 
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2.  Determine  form  class  on  50  or  more  trees  representing-  the 
range  of  diameter  classes  for  each  species  in  the  stand.  Plot  the 
average  form  class  for  each  d.b.h,  class  as  in  figure  1.   If  form  class 
is  not  related  to  d.b.ho  then  an  average  form  class  for  the  species  may 
be  used.   If  form  class  is  definitely  related  to  size  of  tree,  the 
average  form  class  for  each  d.b.h.  class  or  group  should  be  used  in  de- 
riving a  table  by  application  of  the  multipliers . 

Example'.  Board -foot  volume  of  24.3-inch,  5  log  black  oak 
tree  of  form  class  74  =  390  x  1.07  =  417. 

3.  If  volumes  by  the  International  l/4-inch  rule  are  desired, 
the  average  factors  for  conversion  from  Scribner  are  given  in  table  14, 
Thus,  for  the  24.3-inch  black  oak  in  the  above  example,  the  volume  by 
International  1/4-inch  rule  is  417  x  1.016  =  424  board  feet. 

4.  The  total  cubic  foot  tables  include  the  volume  of  the  branches 
to  a  4-inch  inside  bark  minimum  as  well  as  of  the  main  stem. 

Factors  are  provided  in  table  15  for  estimating  cubic  volume,  ex- 
clusive of  branchwood. 

Example;  Black  oak  30  inches  d.b.h.,  total  height  80  feet, 
form  class  65,  contains  134  cubic  feet  according  to  table  3«  In 
table  15  the  percentage  indicated  in  branchwood  is  15,  so  that  the 
volume  exclusive  of  branchwood  is  134  -  .15  (134)  =  114  cubic  feet. 

Limitations  of  Data 

Most  of  the  data  were  collected  along  right-of-way  clearings  for 
power  lines,  telephone  lines,  and  roads  and  therefore  are  representative 
of  all  trees  in  the  stands  sampled.  The  data  meet  requirements  of  Forest 
Survey  in  this  respect  but  may  or  may  not  be  representative  of  timber 
that  is  cruised  for  commercial  cutting:,  where  trees  are  selected  to  meet 
certain  log-length  or  quality  requirements „ 

Measurements  were  taken  on  trees  in  the  following  localities: 

Mendocino  County:   Percy 

Trinity  County:    Hayfork,  Big  Bar,  Corral  Creek,  Browns  Creek 

Humboldt  County:   Garberville,  Mattole,  Bull  Creek;,  Hartsook  Inn 

Del  Norte  County:   Gasquet,  Smith  River 

Josephine  County,  Oregon:   Kirby,  Selma 

While  the  tables  are  based  on  a  minimum  of  data,  they  are  believed 
to  be  adequate  for  present  purposes  in  the  area  represented.  As  oppor- 
tunity is  afforded,  additional  data  should  be  collected  covering-  more  com- 
pletely the  range  of  each  species.  Any  information  regarding  application 
of  the  tables  in  local  areas  and  additional  data  that  may  be  used  to 
strengthen  the  tables  will  be  welcomed  by  the  authors. 

Additional  copies  of  these  tables  may  be  obtained  from  the  California 
Forest  and  Range  Experiment  Station  upon  request. 
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Figure  I.  -  Average   form   class   by    d.b.h.   of   the    sample 
trees  used    in    preparing   the  volume  tables. 
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Table  1.-  Form-class  Volume  Table  for  California  Black  Oak 


BOARD  FEET  SCRIBNEE 

,  DECIMAL  C  LOG  RULE 

Form  Class  70 

D,B,H,: 

•Basis 

in  ; 

Volume 

Cboard 

feet 

in  tens)  by 

number  of  8- 

-foot 

lofi-s 

:No.  of 

Inches; 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

; trees 

12 

3 

4 

4 

14 

4 

5 

6 
8 

9 

11 

20 

9 

16 

11 

14 

17 

11 

18 

6 

11 

13 

15 

18 

18 
23 

22 
27 

25 

35 

5 

20 

8 

31 

9 

22 

9 
11 
13 
15) 

16 

22 
26 
31 

28 
33 
39 

33 
39 
46 
53 
61 

38 
45 
53 
61 
70 

43 
51 

47 
56 
66 
76 

62 

72 

84 

96 

109 

78 

91 

104 

118 

3 

24 

19 
23 
26 
30 
34 

5 

26 

59 
69 
79 
89 

3 

28 

36 
41 
47 

45 
51 
58 

- 

30 

87 

2 

32 

69 

79 

99 

1 

34 

38 

52 

65 

78 

90 

101 

112 

122 

133 

- 

36 

43 

59 

73 

87 

100 

113 

125 

137 

149 

- 

38 

65 

81 

97 

111 

126 

139 

152 

165 

- 

40 

72 

90 

107 

123 

139 

154 

169 

183 

- 

42 

79 

99 
109 

118 
129 

136 
149 

153 

169 
186 

186 
203 

201 
221 

1 

44 

168 

- 

46 

119 

141 

162 

183 

203 

222 

241 

- 

48 

129 

153 

177 

199 

220 

242 

262 

— 

Basis 

10 

17 

9 

5 

6 

2 

3 

1 

- 

- 

53 

Block  indicates  extent  of  basic  data. 

Form  Class:   Diameter  inside  bark  at  top  of  first  16.3-foot  log  divided  by 

diameter  outside  bark  at  breast  height,  the  result  being  m.ultiplied  by 

100 „  Table  above  is  for  the  average  Form  Class  of  the  sample  trees. 

Factors  in  the  tabulation  on  the  reverse  side  are  to  be  used  to  get 

volmnes  for  other  Form  Classes, 
Table  constructed  from  the  equation.   Logarithm  bd.  ft.  vol,  =  1.9693 

(logarithm,  d.b.h.  inches)  +  0.7718  (logarithm  merch.  ht.  no.  8-ft. 

logs)  +  0.0070  (form  class)  -  1.1544. 
Basis.   53  trees  measured  in  northwestern  California. 
Stump  height  18  inches;  top  diameter  inside  bark  as  utilized  but  never  less 

than  10  inches;  scaled  in  8-foot  log  lengths  plus  trimming  allowance. 
Average  deviation  of  individual  tree  volumes  from  values  estimated  by  the 

equation:   ±  10.8  percent. 
Aggregate  differences   estimated  values  0.08  percent  high. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  in  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


Form  Class 

(Units) 

(Tens) 

0 

1 

2 

3. 

4     5 

6 

7 

8 

9 

Factors 

5 

0.72 

0,74 

0.75 

0.76 

0.77  0.79 

0.80 

0.81 

0.82 

0„84 

6 

o„a5 

0.86 

0„88 

0.89 

0.91  0.92 

0.94 

0.95 

0.97 

0.98 

7 

1,00 

1.02 

1.03 

1.05 

1.07  1.08 

1.10 

1.12 

1.14 

1.16 

8 

1.17 

1.19 

1.21 

1.23 

1„25   1.27 

1,29 

1.32 

1.34 

1.36 

9 

lo38 

1.40 

1.43 

1.45 

1.47  1.50 

— 

- 

- 

— 

Example:  Volume  of  34-inch,  6-log  tree  of  form  class  76  =  90  x  1.10  =  99 


Prepared  by. 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 

February  1950 


I 


lifer 
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Table  2„-  Form-class  Volume  Table  for  California  Black  Oak 

CUBIC  FEET   IN  SAWLOG  PORTION 
Form  Class  70 


D.B.H.i 

in  . 

Volume  (cubic  feet)  by  number  of  8-foot  loers 

'.Basis 
■No.  of 

inches: 

1 

2      3      4      5      6      7      8 

9 

"trees 

12 

14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 


5.5 

9.6 

13.2 

7o3 
9.2 

12.6 
15.9 

17.3 

21,7 

21.9 

27.5 

32.8 

11.3 

19.5 
23.5 

26.9 
32.4 

33.8 
40,7 

40,3 
48.5 

46.6 

63, 

3 

13.6 

56. 

1 

16  a 

27.8 

38.3 
44,6 
51,4 

48.1 
56.0 
64.5 

57,4 
66,9 
77,0 
87,7 
99.0 

66, 

77. 

88. 

101, 

114. 

3 
2 

9 

74. 
87, 

9 
2 

83.2 

18„7 

32.4 
37.3 
42.5 
47.9 

97.0 

100, 

114, 

129, 

f  145. 

112. 

58.5 
66.1 
74.0 

73.5 
82.9 
92„9 

127. 

143. 

111,, 

128, 

I6l. 

82,3 

103. 

123. 

142, 

161. 

179, 

91.0 

114. 

136. 

157, 

178. 

198. 

100. 

126. 

150. 

173. 

196, 

217. 

138. 

164. 

190, 

214, 

238. 

150, 

179. 

206. 

233. 

259. 

194. 
210, 
226. 


224, 
242. 

261, 


253, 
274, 
295, 


281. 
304. 
328. 


106. 
122. 
140, 
157. 
176. 
196. 
217. 
239. 
261. 
284. 
309. 
334. 
360. 


4 

9 

11 
5 
9 
3 
5 
3 

2 
1 


Basis 


10 


17 


3 


1 


53 


Block  indicates  extent  of  basic  data. 

Form  Class:  Diameter  inside  bark  at  top  of  first  16,3-foot  log  divided  by 
diameter  outside  bark  at  breast  height,,  the  result  being  multiplied  by 
100.  Table  above  is  for  the  average  Form  Class  of  the  sample  trees. 
Factors  in  the  tab'ulation  on  the  reverse  side  are  to  be  used  to  get 
volumes  for  other  Form.  Classes, 

Table  constructed  from  the  equation"  Logarithm  cubic  ft,  vol,  =  1.7569 
(logarithm  d,b  ,h,  inches)  +  0,7907  (logarithm  merch.  ht,  no,  8-ft., 
logs)  +  0„0033  (form  class)  -  1,3834, 

Basis:   53  trees  measured  in  north'western  Calif oinia. 

Volume  is  cubic  foot  contents,  excluding  bark,  of  main  stem  and  forks  be- 
tween stump  and  utilized  top.  Stump  height  18  inches:  top  diameter 
inside  bark  as  utilized  but  never  less  than  10  inches. 

Average  deviation  of  individual  tree  volumes  from  values  estimated  by  the 
equation:   ±6.19  percent. 

Aggregate  difference;,   estimated  values  0,27  percent  low. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  in  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


Form  Class 

(Units) 

(Tens) 

0 

1 

2 

3 

k           5 

6 

7 

8 

9 

Factors 

5 

0.86 

0.87 

0.87 

0.88 

0.89     0.89 

0.90 

0.91 

0.91 

0.92 

6 

0„93 

0.93 

0„94 

0.95 

0.96     0.96 

0.97 

0.98 

0„98 

0.99 

7 

1„00 

1.01 

1.02 

1.02 

1,03     1.04 

1.05 

1.05 

1.06 

1.07 

S 

1,08 

1.09 

lao 

1.10 

1  „  11     1 .  12 

1,13 

l.U 

1.15 

1.16 

9 

1.16 

1.17 

1.18 

1.19 

1.20     1.21 

— 

- 

— 

- 

Example:  Volume  of  32-inch,  5-log  tree  of  form  class  80  = 
111.0  X  1.08  =  119.9. 


Prepared  bys 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 

February  1950 
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Table  3.-  Form-class  Volume  Table  for  California  Black  Oak 

CUBIC  FEET  INSIDE  BARK  BETWEEN  STUMP  AND  4-INCH  TOP  I,B. 
Form  Class  65 


D.B.H,: 

in  : 

Volume  (cubic  feet)  by  total  heifi-ht  in  feet 

:Basis 
:No.  of 

inches: 

20 

30    40    50     60     70     80     90 

100 

: trees 

10 
12 

14 
16 
18 
20 
22 

24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 


1.7 
3,2 


5.3 

8.0 

11.3 

15,3 


2.1 

4.0 

6.7 

10.0 

14.1 

19.1 


24.9 
31.5 
39,0 
47,4 
56.7 


2.5 
4.7 
7.8 
11,7 
16.6 
22.3 
29.1 


36.8 
45,6 
55,5 
66.4 
78,4 
91.5 


1  2.8 

2 

5.3 

7 

8,8 

9. 

7 

10,6 

11,4 

7 

13.2 

14. 

6 

15  „9 

17.1 

8 

18,7 

20, 

27. 

7 
9 

22,5 
30.4 

24.2 
32.7 

25.8 

13 

25.2 

34.8 

12 

32.9 

36. 

3 

39.5 

42.5 

45.4 

5 

41.6 

46. 

0 

50.1 

53,9 

57,5 

9 

51.6 

57, 

0 

62.0 

66.7 

71,2 

75.4 

3 

62,7 

69. 

3 

75.4 

81,1 

86.5 

91,6 

5 

75,0 

82. 

9 

90,2 
107,0 

97.1 
115,0 

104.0 
122, 

110.0 
130. 

4 

88.6 

97. 

9 

- 

103. 

114. 
132, 
151. 

124. 

134, 

143. 
165. 

151. 
175. 
200, 

2 

120. 

144. 
165. 

155. 
177. 

1 

137, 

189. 

- 

156, 

172, 

187, 

201. 

215. 

228. 

- 

176. 

194 

211, 

227, 

242. 

257. 

- 

197, 

218, 
243. 
270, 

237. 

255, 
284. 
316, 

272. 
303, 
337. 

288. 
321. 
357, 

- 

264, 

1 

294. 

- 

298 

324, 

349, 

372, 

394. 

- 

328 

357. 

384, 

409. 

434. 

- 

Basis 


17 


12 


17 


79 


Block  indicates  extent  of  basic  data. 

Form.  Class:   Diameter  inside  bark  at  top  of  first  16,3-foot  log  divided  by 

diameter  outside  bark  at  breast  height,  the  result  being  multiplied  by 

100.   Table  above  is  for  the  average  Form  Class  of  the  sample  trees. 

Factors  in  the  tabulation  on  the  reverse  side  are  to  be  used  to  get 

volumes  for  other  Form  Classes. 
Table  constructed  from  the  equation:   Logarithm  cubic  ft,  vol.  =  2,2425 

(logarithm,  d.b.h.  inches)  +  0,5482  (logarithm  total  ht .  ft.)  +  0.0047 

(form  class)  -  2.5349. 
Basis:   79  trees  measured  in  northwestern  California. 
Volume  is  cubic  foot  contents,  excluding  bark,  of  main  stem  and  branches 

between  stump  and  4-inch  top  inside  bark;  stump  height  varied  from 

11  to  17  inches  for  trees  up  to  12  inches  d,b,h.,  18-inch  stump  for 

trees  12  or  more  inches  d.b,h. 
Average  deviation  of  individual  tree  volu_m.es  from,  values  estimated  by  the 

equation:  t   14.8  percent. 
Aggregate  difference:   estimated  values  0,06  percent  low. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  in  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


Form  Class 

(Units) 

(Tens) 

0 

1 

2 

3 

4           5 

6 

7 

8 

9 

Factors 

4 

0.76 

0,-77 

0.78 

0.79 

0.80     0,81 

0.81 

0,82 

0.83 

0„84 

5 

0.85 

0,86 

0.87 

0.88 

0.89     0.90 

0.91 

0.92 

0.93 

0.94 

6 

0.95 

0.96 

0.97 

0„98 

0.99     1.00 

1.01 

1.02 

1.03 

1„04 

7 

1.06 

1„07 

1.08 

1.09 

1.10     1,11 

1.13 

1.14 

1.15 

1.16 

S 

1.18 

ia9 

1.20 

1„22 

1.23     1.24 

1.26 

1.27 

1.28 

1.30 

9 

1.31 

1.32 

1.34 

1.35 

1.37     1.38 

- 

- 

- 

— 

Example:   Volume  of  30-inch,  80-foot  tree  of  form  class  75  = 
134  X  1.11  =  148.7 


Prepared  by: 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 

February  1950 
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Table  4o-  Form-class  Voluise  Table  for  Oregon  White  Oak 
BOARD  FEET  SCRIBNER  DECIMAL  C  LOG  RULE 
Form  Class  68 


D.B.H.: 

in  :_ 

Volume  (board  feet  in  tens) 

by  number  of  8 -foot  logs 

: Basis 
:No.  of 

inches: 

12     3     4? 

6     7     8     9    IQ 

".trees 

12 

U 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 


3 
4 
6 

5 
7 
9 

9 

12 

12 

15 

7 

12 

15 

19 

9 

14 

19 

23 

10 

17 

23 

28 

12 

20 

27 

33 

14 

23 

27 

31 

36 

38 

17 

44 

31 

41 

47 
52 

50 

35 
39 

57 

64 

44 

58 

72 

65 
72 
79 


SS 

96 

105 

115 

125 


18 
22 
27 
33 
39 
45 
52 
59 


67 

75 

84 

93 

103 

113 

123 

134 

146 


20 
25 
31 
37 
44 


51 
59 
67 


76 
86 
96 
106 
117 
128 
140 
153 
166 


34 
41 
49 

57 

66 

75 

85 

95 

107 

118 

130 

143 

157 

171 

185 


45 
54 
63 
72 

83 
93 
105 
117 
130 
143 
157 
172 
188 
204 


58 

68 

79 

90 

102 

114 

127 

141 

156 

171 

187 

204 

221 


73 
85 
97 
110 
123 
137 
152 
168 
184 
202 
220 
238 


4 

12 

8 

7 

12 

4 

1 
3 
2 
4 
2 


Basis   14 


15 


15 


10 


4 


60 


Block  indicates  extent  of  basic  data. 

Form  Class:  Diameter  inside  bark  at  top  of  first  16 „ 3-foot  log  divided  by- 
diameter  outside  bark  at  breast  height,  the  result  being  multiplied  by 
100.  Table  above  is  for  the  average  Form  Class  of  the  sample  trees. 
Factors  in  the  tabulation  on  the  reverse  side  are  to  be  used  to  get 
volumes  for  other  Form  Classes „ 

Table  constructed  from  the  equation:  Logarithm  bd„  ft.  vol.  =  1.9195 

(logarithm  d.b.h.  inches)  +  0„708l  (logarithm  merch,  ht,  no„  8 -ft. 
logs)  +  0.0064  (form  class)  -  0.9932 . 

Basis:  60  trees  measured  in  northwestern  California. 

Stump  height  18  inches;  top  diameter  inside  bark  as  utilized  but  never 
less  than  10  inches;  scaled  in  8-foot  log  lerigths  plus  trimming 
allowance. 

Average  deviation  of  individual  tree  volumes  from  values  estimated  by  the 
equation:   ±  10.6  percent. 

Aggregate  difference:   estimated  values  0.00  percent  high  or  low„ 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  voIuidbs  in  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


Form  Class 

(Units) 

(Tens) 

0 

1 

2 

3 

4     5 

6 

7 

8 

9 

Factors 

5 

0.77 

0.78 

0.79 

0,80 

0.81  0,83 

0.84 

0,85 

0.86 

0.88 

6 

0,89 

0,90 

0,92 

0,93 

0.94  0,96 

0  97 

0,99 

1,00 

1.01 

7 

1,03 

1,-05 

1,06 

1„08 

1,09  1,11 

1.13 

1,14 

1.16 

1„18 

8 

1,19 

1,21 

1.23 

1,-25 

1,27  1.28 

1.30 

1„32 

1,34 

1J6 

9 

1,38 

1,40 

1,42 

l,-,45 

1.47  1,49 

— 

— 

— 

- 

Example:;:   Volume  of  34-inch,  6-log  tree  of  form  class  76  =  86  x  1,13  =  97. 


Prepared  by:; 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 

February  1950 
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Table  5 , -  Form-class  Volume  Table  for  Oregon  White  Oak 


CUBIC  FEET  IN  SA'A'LOG  PORTION 
Form  Class  68 

D.B.H. 

in 

Volume 

(cubic 

feet)  by  mjmber  of  8- 

foot  lofi-s 

;Basis 
:No.of 

inches 

:   1 

2 

3 

4 

5 

6 

7 

8 

9 

.10 

s trees 

20,7 

35,0 

43.4 
52.6 
62.6 
73.4 

58,4 
69.5 
81,5 
94,4 

108. 

123, 

138, 

154. 

171, 

189. 

207. 

227. 

247. 

268, 

289, 

76,2 
89,4 
103. 
118, 
134, 
151, 
169. 
188, 
207. 
227, 
249. 
271. 
294. 
317. 

96.9 
112. 
128. 
146, 
164. 
183. 
203. 
224. 
247. 
269. 
294. 
318. 
344. 

121. 
138. 
157. 
176. 
197. 
219. 
241. 
265. 
290. 
316. 
342. 
370. 

12 

6.0 
8.0 
10.2 
12.7 
15,3 
18,3 
21,4 
24  „  8 

9.7 
12.9 
16.4 
20.4 
24  „7 
29,4 
34.5 
39,9 
45,7 
51.8 

4 

14 

17.0 
21.7 
26,9 
32,6 
38.9 
45,6 
52.7 
60.4 
68,5 
77,1 
86.1 
95,6 

12 

16 
18 
20 
22 
24 

26,5 
32,8 
39,8 
47,3 
55.5 
64.3 
73.6 
83.5 
94.0 

30,8 
38,3 
46,4 
55,2 
64,7 
74.9 
85.8 
97.3 

8 

7 

12 

4 

1 

26 

84,9 
97,2 
110, 

3 

28 
30 

28.4 

2 
4 

32 

58,3 
65.2 

72,3 

1  110, 
122, 
136. 
150, 
165, 
180. 
196, 
213, 
230, 

124, 
139, 
154. 
170, 

2 

34 
36 

105, 
116, 
129. 
141, 
154. 
168, 
182. 
197, 

1 

38 

106. 
116. 
127. 

- 

40 
42 
44 
46 
48 

187, 1 

1 

204, 
222, 

241. 
260, 

- 

Basis 

14 

15 

15 

10 

4 

3 

- 

- 

- 

- 

61 

Block  indicates  extent  of  basic  data. 

^rm  Class:  Diameter  inside  bark  at  top  of  first  16,3-foot  log  divided  by- 
diameter  outside  bark  at  breast  height,  the  result  being  multiplied  by  100, 
Table  above  is  for  the  average  Form  Class  of  the  sample  trees.  Factors  in 
the  tabulation  on  the  reverse  side  are  to  be  used  to  get  vol^omes  for  other 
Form.  Classes, 

Cable  constructed  from,  the  equation:;   Logarithm  cubic  ft,  vol.  =  1,8280 

(logarithm  d,b.h.  inches)  +  0,6871  (logarithm  merch.  ht,  no,  8-f t „  logs) 
+  0.0041  (form  class)  -  1.4711. 

3asis:   61  trees  measured  in  northwestern  California. 

^olume  is  cubic  foot  content^;  excluding  bark,  of  main  stem  and  forks,  between 
stump  and  utilized  top,  St'ump  height  18  inches;  top  diameter  inside  bark 
as  utilized  but  never  less  than  10  inches . 

average  deviation  of  individual  tree  volumes  from  values  estimated  by  the 
equation:   ±8.7  percent. 

aggregate  difference:   estimated  values  0,10  percent  low. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  in  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


Form  Class 

(Units) 

t'Tens) 

0 

1 

2 

3 

4     5 

6 

7 

8 

9 

Factors 

5 

0,84 

0.85 

0.86 

0.87 

0.88  0,88 

0.89 

0.90 

0.91 

0.92 

6 

0.93 

0,94 

0.94 

0.95 

0.96  0,97 

0.98 

0.99 

1.00 

1.01 

7 

1.02 

1„03 

1.04 

1.05 

1,06  1.07 

1.08 

1.09 

1.10 

1.11 

8 

1.12 

1.13 

1.14 

1,15 

1 .  16  1 ,  17 

1,19 

lo20 

1,21 

1,22 

9 

1.23 

1.24 

1.25 

1„27 

1.28  1  -  29 

- 

- 

- 

- 

Example:  Volume  of  32-inch,  5 -log  tree  of  form  class  78  = 
110  X  1.10  =  121 


Prepared  by; 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 

February  1950 


Ifsra 
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Table  6,-  Form-class  Volume  Table  for  Oregon  White  Oak 
CUBIC  FEET  INSIDE  BARK  BETWEEN  STUMP  AND 
4-INCH  TOP  I,B. 
Form  Class  63 


D.B.H,: 

in  : 

Volume  (cubic  feet)  by  total  height  in  feet 

:Basis 
:No.  of 

inches: 

20 

30    40    50     60     70     80     90 

100 

: trees 

10 
12 

14 
16 
18 
20 
22 

24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 


1.4 
2.9 
4.9 
7,7 
11,2 
15.5 

1,8 

3,7 

6,3 

9,8 

14.3 

19.7 

26.3 

33.9 

42.8 

52.9 

64.3 

2.2 
4.4 

7,5 
11.7 
17,0 
23.5 
31.2 
40.4 
50.9 
62.9 
76.4 
91.5 
108. 

2.5 

9.6 

1  16.3 

5.0 
8.6 
13.3 
19.4 
26.8 
35,7 
46.2 
58.2 
71.9 
87,4 

105, 

124, 

145,  r 

14.9 
21.6 
29,9 
39,9 
51,5 
64.9 
80,2 
97,5 

117. 

138, 

23.7 
32.8 
43.7 
56,5 
71.2 
88,0 

107. 

128. 

151. 

25.7 
35.6 

47,4 
61.2 
77,2 
95.3 

116, 

139, 

50.9 
65,7 
82.8 

102. 

124. 

76.9 

149. 

164, 

176. 

127.  1 

161, 

177. 

192, 

206, 

168, 
193. 
220, 


249, 


280, 


187. 
215. 
245, 
278, 
312, 
350, 
390. 
432, 


205. 
236, 
269. 
305. 
343. 
384. 
428. 
474, 


222. 
255, 
291. 
330. 
371, 
416, 
464. 
514. 


239. 
274. 
313, 
354. 
399. 
447. 
498, 
552, 


109. 
132. 
159. 
187. 
219, 
254. 
292. 
333. 
377. 
425. 
476. 
530. 


13 

11 
9 
9 

17 
9 
7 

12 

4 
1 
3 
2 

4 
2 

1 

1 


Basis 


19 


29 


22 


12 


105 


Block  indicates  extent  of  basic  data. 

Form  Class:   Diameter  inside  bark  at  top  of  first  16,3-foot  log  divided  by 
diameter  outside  bark  at  breast  height ^  the  result  being  multiplied  by 
100,  Table  above  is  for  the  average  Form  Class  of  the  sample  trees. 
Factors  in  the  tabulation  on  the  reverse  side  are  to  be  used  to  get 
volumes  for  other  Form  Classes, 

Table  constructed  from  the  equation:  Logarithm  cubic  ft.  vol,  =  2,4306 
(logarithm  d.b.h.  inches)  +  0.6008  (logarithm  total  height  ft,)  + 
0.0037  (form  class)  -  2.7519. 

Basis:   105  trees  measured  in  northivestern  California. 

Volume  is  cubic  foot  contents,  excluding  bark,  of  main  stem  and  branches  be- 
tween stump  and  4-inch  top  inside  bark;  stump  height  varied  from  11  to 
17  inches  for  trees  up  to  12  inches  d.b.h,,  18-inch  stump  for  trees 
12  or  more  inches  d.b.h. 

Average  deviation  of  individual  tree  volumes  from  values  estimated  by  the 
equation:   ±  17,2  percent. 

Aggregate  difference:   estimated  values  0,37  percent  high. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  in  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


Form  Clas 

s 

(Units 

) 

(Tens) 

0 

1 

2 

3     A 

5 

6 

7 

8 

9 

Factor 

s 

4 

0.82 

0.83 

0.84 

0.84  0.85 

0.86 

0.87 

0.87 

0.88 

0,89 

5 

0„90 

0,90 

0.91 

0.92  0.93 

0.93 

0.94 

0.95 

0.96 

0,97 

6 

0.97 

0.98 

0.99 

1.00  1.01 

1.02 

1.03 

1,03 

1.04 

1.05 

7 

1.06 

1,07 

1.08 

1.09  1.10 

1.11 

1.12 

1.13 

1.14 

1,15 

8 

1.16 

lol7 

1.18 

1,19  1.20 

1.21 

1.22 

1,23 

1.24 

1.25 

9 

1.26 

1,27 

1.28 

1.29  1.30 

1.31 

— 

- 

- 

— 

Example: 

Volume  of  34-inch,  70-foot  tree 

of  form  class  80  = 

205  X  1.16  =  237  „i 


Prepared  by; 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service^  U.  S,  Department  of  Agriculture 


ivei 
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Table  7.-  Form-clgiss  Volume  Table  for  Pacific  Madrone 


BOARD  FEET  SCRIBNER  DEC 

IMAL  C 

LOG  RULE 

Form 

Class 

73 

D.B.H.: 

•.Basis 

in 

Volume 

'board 

feet  in 

tens)  ' 

by  numb 

er  of 

8-foot 

loe-s 

:No.of 

inches : 

1 

2 

3 

4 

5 

6 

7 

8 

9 

: trees 

7 
9 

17 

12 

3 

5 
6 

5 

7 

10 

3 

14 

11 

15 

8 

16 

12 

6 

18 
20 

8 
10 

13 

16 
[  20 

19 

24 

1   30 

22 
27 

24 
31 

38 

34 

41 
50 

58 
69 
81 
94 

6 

16 

37 

7 

22 

13 

19 
23 
28 
33 
38 

25 
30 
35 
42 
48 

34 
41 
48 

57 
66 

45 
54 
64 

75 
87 

3 

24 

36 
42 
49 

57 

45 
54 
63 

4 

26 

59 

4 

28 

J   69 

81 

3 

30 

73 

- 

32 

63 

66 

75 

75 

1   84 
96 

93 

105 

100 
114 

108 
123 

1 

34 

86 

- 

36 

71 

85 

97 

108 

119 

129 

139 

- 

38 

80 

95 

109 

122 

134 

145 

156 

- 

40 

89 

106 

122 

136 

149 

162 

174 

- 

42 

99 

118 

135 

151 

166 

180 

193 

- 

44 

110 

131 

149 

167 

183 

199 

213 

- 

46 

121 

144 

164 

184 

202 

218 

235 

- 

48 

*132 

157 

180 

201 

221 

239 

257 

— 

Basis 

6 

8 

10 

6 

6 

6 

2 

1 

- 

45 

Block  indicates  extent  of  basic  data. 

Form  Class:  Diameter  inside  bark  at  top  of  first  16. 3-foot  log  divided 
by  diameter  outside  bark  at  breast  height,  the  result  being  mul- 
tiplied by  100,  Table  above  is  for  the  average  Form  Class  of  the 
sample  trees.  Factors  in  the  tabulation  on  the  reverse  side  are  to 
be  used  to  get  volumes  for  other  Form  Classes. 

Table  constructed  from  the  equation:   Logarithm  bd,  ft,  vol.  =  2,1450 
(logarithm  d.b.h.  inches)  +  0.6047  (logarithm  march,  ht .  no.  8-f t , 
logs)  +  0,0065  (form  class)  -  1.2478, 

Basis:   45  trees  measured  in  northwestern  California. 

Stump  height  18  inches;  top  diameter  inside  bark  as  utilized  but  never 
less  than  10  inches;  scaled  in  8-foot  log  lengths  plus  trimming 
allowance. 

Average  deviation  of  individual  tree  volumes  from  values  estimated  by 
the  equation:   ±9.8  percent. 

Aggregate  difference:   estimated  values  0,19  percent  low. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  in  the  average  table  to  obtain 
volumes  for  other  Form  Classes 


Form  Class 

(Units) 

(Tens) 

0 

1 

2 

3           4           5 

6 

7 

8 

9 

Factors 

5 

0,71 

0.72 

0.73 

0.74     0.75     0.76 

0.78 

0.79 

0.80 

0.81 

6 

0.82 

0.84 

0.85 

0.86     0,87     0.89 

0.90 

0.91 

0,93 

0.94 

7 

0.96 

0.97 

0.99 

1.00     1,02     1.03 

1,05 

1.06 

1.08 

1.09 

8 

lai 

1.13 

1.14 

1.16     1.18     1.20 

1„21 

1.23 

1,25 

1.27 

9 

1.29 

1.31 

1.33 

1.35     1.37     1.39 

— 

— 

- 

— 

Examples  Volume  of  a  34-inch,  5 -log  tree  of  form,  class  66  =  86  x  0.90  =  77. 


Prepared  by: 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 


\k 
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Table  B.-  Forn-clasL-  Volume  Table  for  Pacific  Madrone 

GUBTG  FEET  IN  SAWLOG  PORTION 
Form  Class  73 


D.B.H.: 
inches: 


Volume    ( ciib_e  feez) 


12 
14 
16 
18 
20 
22 

24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 


17.3 


28.8 
33.6 
38,7 
44.1 
49.7 


by  n>jmbftr  of  8-ioot  logs 
"5678 


6,0  9.9 

7.8  13.0 

9.9  16.5 
12  . 2  20.3 

14.6  I  2^.4 


13  '-. 
17,6 


22,2 
27 . 3 
32  9 

45.3 
52.2 
59.4 
67.0 
75.1 
83.5 
92.4 

102. 

Ill . 

121. 

131. 

142. 

153- 


i    21,7 

27    5 

32.4 

33.8 

39.9 

/1C.7 

48  0 

i    48, 


56.0 
64.5 
73.5 
82.9 
92.9 

103, 

114. 

126. 

137. 

150 

162. 

176. 

189. 


56,7 
66  .J- 
76.0 
86.6 
97.7 
110 


122 . 
135. 
148. 
162. 
176. 
192. 
207. 
223. 


45.6 


54.9 
1    64.9 

61.5 

72.7 

75.6 

84-7 

87  0 

97.5 

99.1 


112. 
125. 
139. 
154. 
169: 
185. 
202. 
219. 
237, 
255. 


111. 
125. 
140, 
156. 
173. 
190. 
208. 
226. 
246. 
265. 
286, 


67  .'sl 

80.2 

93.4 

108. 

123. 

138. 

155. 

172. 

190. 

209. 

229. 

250. 

271, 

293. 

316. 


117. 
134. 
151. 
169, 
188, 
208. 
228. 
250. 
272. 
296. 
320. 
344, 


Basis 
No.    of 
.  trees_ 


Basis 


10 


45 


Block  indicates  extent  of  basic  data. 

Form  Class:  Diameter  inside  bark  at  top  of  first  16. 3-foot  log  divided  by 
diameter  outside  bark  at  breast  height,  the  result  being  multiplied  by 
100.  Table  above  is  for  the  average  Form  Class  of  the  sample  trees. 
Factors  in  the  tabulation  on  the  reverse  side  are  to  be  used  to  get 
volumes  for  other  Form  Glasses. 

Table  constructed  from  the  equation:  Logarithm  cubic  ft.  vol,  -  1.7562 
(logarithm,  d.b.h.  inches)  -h  C  7378  (logarlti:iiTi  .,T:?rch.  ht .  no.  8-ft. 
logs)  +  0.0028  (form  class)  -  1.32^1. 

Basis o   45  trees  measured  m  northwestern  California. 

Volume  is  cubic  foot  contents;  excluding  bark,  of  main  stem  and  forks  be- 
tween stump  and  utilized  top.  Stump  height  18  inches;  top  diameter 
inside  bark  as  utilized  tut  never  less  than  10  inches. 

.Average  deviation  of  individual  tree  volumes  from,  values  estimated  by  the 
equation:   ±66  percent . 

Aggregate  difference",   estimated  values  0.03  percent  low. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  m  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


Form  Class 

(Units) 

(Tens) 

0 

1 

2 

3 

4           5 

6 

7 

8 

9 

Factors 

5 

0.86 

0.87 

0.87 

0.88 

0.88     0.89 

0„90 

0.90 

0.91 

0.91 

6 

0,92 

0.93 

0.93 

0.94 

0.94     0.95 

0.96 

0.96 

0.97 

0.97 

7 

0.98 

0.99 

0„99 

1.00 

1.01     1.01 

1„02 

1.03 

1.03 

1.04 

8 

1.05 

1.05 

1.06 

1.07 

1,07     1.08 

1.09 

1.09 

1„10 

1.11 

9 

1.12 

1.12 

1.13 

1.14 

1,14     1.15 

- 

- 

- 

- 

Example:  Volume  of  32-inch,  5 -log  tree  of  form  class  80 
110  X  1„05  =  115.5 


Prepared  by°. 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 
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Table  9.-  Form-class  Volume  Table  for  Pacific  Madrone 
CUBIC  FEET  INSIDE  BARK  BETiVEEN  STUMP  AND 
4-INCH  TOP  I.B. 
Form  Class  68 


D.B.H. 
in  : 

Volume  (cubic  feet) 

by  total  heifi-ht  ir 

I  f 

'eet 

•.Basis 
'.No.  of 

inches 

20 

30 

40 

50 

60 

70 

80     90 

100 

110 

: trees 

r 

-J 

0 
1 
0 

39.9 
52.4 

54,7 
69.7 
86,9 

106. 

128. 

152. 

178. 

207  - 

238. 

271, 

307. 

346. 

387. 

431, 

478. 

527. 

6 

2.0 

2.4 

4.7 

7.9 

12.0 

2.7 
5.3 
8.9 
13.6 
19.4 
26.5 
34.8 
44.3 

3,0 

5.9 

9.9 

15.1 

21.5 

29.2 

38.4 
49.0 

8 

8 

3.9 

6.6 

10.0 

6.4 
10.7 
16.3 
23.3 
31.7 
41,7 
53.1 
66.2 
81.0 
97.5 
116. 

3 

10 

11, 

17. 

25. 

34. 

44. 

57 

71. 

86 
104. 
124. 
145, 
169, 

5 
5 
0 
0 
7 
0 
0 
8 

9 

12 

18.6 
26.5 
36.1 
47.4 

28, 
38. 
50. 

6 

14 
16 
18 

17.1 
23.3 
30.5 

8 

6 
6 

20 

60.5 

63. 

7 
4 
1 

66.8 
83.3 

102. 

123. 

7 

22 

24 
26 

55.2 
67.5 
81.3 
96.4 

61.0 
74.6 
89,8 

107. 

125. 

145, 

167. 

190. 

75.4   79. 

92.1   97. 
111.   117 o 
132.   139. 
154,   163, 
179 .   189 . 

3 
4 
4 

28 

145. 
170. 
198. 
228, 
260. 
294, 
331. 
371, 
413. 
458, 
505. 

3 

30 
32 

136. 
157. 
181. 
207. 
234. 
264. 
295. 
329. 
364. 
401, 

1 

34 

36 

194. 
221. 
251. 
282, 
316. 
352. 
390. 
430. 

206, 

235. 

217. 
248. 

1 

38 
40 
42 
44 

266. 
300. 
336, 
374, 

281. 
316. 
354, 
394, 

1 

46 
48 

414, 
457. 

437. 
481. 

- 

Basis 

1 

5 

10 

9 

11 

17 

12     2 

3 

- 

70 

Block  indicates  extent  of  basic  data. 

Form  Class:  Diameter  inside  bark  at  top  of  first  16 o 3-foot  log  divided  by- 
diameter  outside  bark  at  breast  height,  the  result  being  multiplied  by  100. 
Table  above  is  for  the  average  Form  Class  of  the  sample  trees.  Factors  in 
the  tabulation  on  the  reverse  side  are  to  be  used  xo  get  volumes  for  other 
Form  Classes. 

Table  constructed  from  the  equation:   Logarithm  cubic  ft.  vol.  =  2.3098 

(logarithm  d.b.h,  inches)  +  0.4481  (logarithm  total  ht .  ft.)  +  O.OO42 
(form  class)  -  2.3746. 

Basis',   70  trees  measured  in  northwestern  California. 

Volume  is  cubic  foot  contents,  excluding  bark,  of  Eiain  stem  and  branches  be- 
tween stump  and  4-inch  top  inside  bark;  stump  height  varied  from  11  to  17 
11     inches  for  trees  up  to  12  inches  d.b.h.,  l8-inch  stump  for  trees  12  or  more 
'  inches  d„b.h. 

/Average  deviation  of  individual  tree  volmres  from  values  estimated  by  the 
equation:   ±  11.6  percent. 

'Iggregate  difference;   estimated  values  0,55  percent  high. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  "by  which  to  multiply  volumes  in  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


Form  Class 

(Units) 

(Tens) 

0 

1 

2 

-} 

4     5 

6 

7 

8 

9 

Factors 

K 

0.74 

0,75 

0.76 

0.76 

0.77  0.78 

0.79 

0.79 

0.80 

0,81 

5 

0.82 

0.82 

0.83 

0.84 

0.85  0,86 

0.86 

0„87 

0.88 

0.89 

6 

0.90 

0,91 

0.92 

0.93 

0.93  0.94 

0.95 

0,96 

0.97 

0.98 

7 

0.99 

1.00 

1.01 

1.02 

1.03  lc04 

1.05 

1„06 

1.07 

1,08 

8 

1,09 

1.10 

1.11 

1,12 

1.13  1.14 

1.16 

1.17 

1.18 

1.19 

9 

1.20 

1,21 

1.23 

1.24 

1.25  1.26 

- 

- 

- 

- 

Example:  Volume  of  26-inch,  80-foot  tree  of  form  class  76  = 
111  X  1.05  =  116„6 


Prepared  by 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 


m. 
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Table  10.-  Form-class  Volume  Table  for  Tanoak 

BOARD  FEET  SCRIBNER  DECIMAL  C  LOG  RULE 
Form  Class  68 


D.B.H.i 

"Basis 

in 

Volume  'board 

feet  : 

m  tens 

)  by  number 

of  8- 

foot  lofi-s 

;No.  of 

inches: 

1 

2 

3 

4 

? 

6 

7 

8 

9 

10 

11 

; trees 

12 

2 

4 

6 

11 

14 

20 

14 

3 
4 

6 
7 

9 
11 

5 

16 

14 

17 

4 

18 

5 

9 

13 

17 

21 

25 

29 

8 

20 

6 

11 

16 

21 

26 

30 

35 

39 

9 

22 

7 
8 

13 

19 
22 

25 
29 

30 
35 

36  L 

42 

41 

46 

52 
60 

66 

72 

7 

24 

15 

48 

54 

5 

26 

18 
20 
23 

26 

33 
38 

41 
46 
53 
59 
66 
73 
80 

48 
55 
62 
69 
77 

55 
63 
71 
80 
89 
98 

62 
71 
80 

69 

76 

83 

6 

28 

29 
33 

37 
41 
46 
50 

79 

89 

100 

87 

98 

110 

123 

95 

4 

30 

43 
48 
54 
59 
65 

107 
120 
134 
148 
163 

2 

32 

90 
100 
111 
122 

4 

34 

112 

124 
136 

2 

36 

86 
94 

136 

150 

1 

38 

108 

1 

40 

55 

72 
78 

88 

103 
113 

119 

129 

134 
146 

149 
162 

164 
179 

179 
195 

1 

42 

95 

- 

44 

85 

104 

122 

141 

159 

176 

191. 

212 

- 

46 

92 

112 

132 

152 

172 

191 

210 

229 

- 

48 

99 

121 

143 

164 

185 

206 

226 

247 

- 

Basis 

3 

5 

9 

13 

8 

9 

3 

2 

2 

4 

1 

59 

Block  indicates  extent  of  basic  data. 

Form.  Class*   Diameter  inside  bark  at  top  of  first  16.3-foot  log  divided  hy 

diameter  outside  bark  at  breast  height,  the  result  being  multiplied  by 

100.  Table  above  is  for  the  average  Form  Class  of  the  sample  trees. 

Factors  in  the  tabulation  on  the  reverse  side  are  to  be  used  to  get 

volijines  for  other  Form  Classes, 
Table  constructed  from  the  equation:   Logarithm  bd.  ft.  vol.  =  1,7747 

(logarithm  d.b.h.  inches)  +  0.9038  (logarithiti  merch.  ht.  no.  8-ft. 

logs)  +  0.0051  (form  class)  -  0.8792. 
Basis:   59  trees  measured  in  northwestern  California. 
Stump  height  18  inches;  top  diameter  inside  bark  as  utilized  but  never  less 

than  10  inches;  scaled  in  8-foot  log  lengths  plus  trimming  allowance. 
Average  deviation  of  individual  tree  volumes  from  values  estimated  by  the 

equation:   ±  6.4  percent. 
Aggregate  difference:   estimated  values  0.24  percent  low. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  in  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


li 


Form  Class 

(Fnits) 

(Tens) 

0 

1 

2 

3 

4            5 

6 

7 

8 

9 

Factors 

5 

0,81 

0,82 

0.83 

OH 

0.85     0.86 

0.87 

0.88 

0.89 

0.90 

6 

0.91 

0,92 

0.93 

0.94 

0.95     0,97 

0.98 

0-99 

1.00 

1.01 

7 

1.02 

1.04 

1.05 

1  06 

1.07     1.09 

1.10 

1,11 

1.12 

1.14 

8 

1.15 

1,16 

1.18 

1.19 

1.21     1.22 

1.24 

1.25 

1.26 

1.28 

9 

1.29 

1.31 

1.33 

1.34 

1,36     1.37 

- 

- 

- 

— 

Example i  Volume  of  a  30-inch,  6-log  tree  of  form  class  76  = 
62  X  1.10  =  68,. 


Prepared  by 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  U.  S.  Department  of  Agriculture 
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Table  11,-  Form-class  Volume  Table  for  Tanoak 


CUBIC 

FEET  IN  SAWLOG 
Form  Class  6B 

PORTION 

D.B.H.: 
in  o 

Vol 

ume  (cubic  feet)  bv  number  of  8-foot  loe-s 

: Basis 
.No, of 

inches  0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

.trees 

12 

4.6 

7.8 

10.6 

17,5 

20,8 

30,6 
38,1 
46,3 

42,8 
52.1 
62.1 

57.7 
68.8 

75.3 
88,5 
103. 

95.9 
111, 

103. 
120, 

14 

6.1 

7,8 

10.6 
13.2 
16.4 
20,0 
23.8 

14.1 
18.0 

22,4 
27.2 
32.5 

'  38.2 
44.3 

5 

16 

22.4 
27.9 
34.0 
40.5 
47.6 
55.2 
1  63.4 

26,6 
33.1 
40-3 
48.1 
56,5 
65.5 
75.2 
85.4 
96.3 

108. 

120, 

132. 

146, 

4 

18 
20 
22 

24 
26 
28 
30 
32 
34 
36 
38 
40 

9.7 
11.8 
14.0 
16.5 

8 
9 

55.2 
64.9 
75.3 
86.4 
98.2 

111. 

124. 

7 

28.0 
32.5 
37.3 
42.4 

73.0 
84.7 
97.2 

110. 

125. 

139. 

155. 

80,9 
93.8 

108, 

122, 

5 
6 

50.9 
57.8 
65.2 
72.9 
81.0 
89.6 
98»5 

118. 
134. 
151. 

128. 
145. 
164. 
183, 

137. 

4 

72.0 
81.2 
90.8 

101. 

112. 

123. 

134. 

147, 

159. 

172. 

156. 
176. 
197, 
219. 
242, 
266. 
291. 
317, 
345, 
373. 

2 

138, 
154. 
172. 
190, 
209, 
228, 
249, 
270. 
292, 

4 

169, 
188, 
207. 
228, 
250, 
272. 
296. 
320. 

2 

138, 
152, 
167. 
183. 
200, 
217. 
235, 

203. 
225. 
247. 
271. 
295. 
321. 
347, 

1 

171. 
188. 
206, 
225. 
244, 
264. 

1 
1 

42 
44 
46 
48 

159. 
174. 
189. 
204. 

- 

Basis 

3 

5 

9 

13 

8 

9 

3 

2 

2 

4 

1 

59 

31ock  indicates  extent  of  basic  data. 

'orm  Classy  Diameter  inside  bark  at  top  of  first  16. 3-foot  log  divided  by  diameter 

outside  bark  at  breast  height,  the  result  being  multiplied  by  100.  Table 

above  is  for  the  average  Form  Class  of  the  sample  trees.  Factors  in  the 

tabulation  on  the  reverse  side  are  to  be  used  to  get  volumes  for  other  Form 

Classes, 
'able  constructed  from  the  equation;   Logarithm  cubic  ft,  vol.  =  1.8542  (logarithm 

d.b,h.  inches)  +  0,7644  (logarithm  merch,  ht.  no.  8-ft„  logs)  +  0.0075  (form 

class)  -  1,8517. 
asis:   59  trees  measured  in  northwestern  California, 
olume  is  cubic  foot  contents,  excluding  bark,  of  main  stem  and  forks  between  stump 

and  utilized  top.  Stump  height  18  inches;  top  diameter  inside  bark  as  utilized 

but  not  less  than  10  inches , 
verage  deviation  of  individual  tree  volumes  from  values  estimated  by  the  equation" 

±6,0  percent, 
ggregate  difference"   estimated  values  0,01  percent  low. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  in  the  average  table  to  obtain 

volumes  for  other  Form  Classes 


Form.  Class 

(Units) 

(Tens) 

0 

1 

2 

3 

4           5 

6 

7 

8 

9 

Factors 

5 

0.73 

0.75 

0.76 

0.77 

0.79     0.80 

0.81 

0.83 

0.84 

0.86 

6 

0,87 

0.89 

0.90 

0.92 

0.93     0.95 

0.97 

0,98 

1.00 

1.02 

7 

1.04 

1,-05 

1.07 

1.09 

1.11     1 „ 13 

1.15 

1.17 

1.19 

1.21 

8 

1.23 

1.25 

1-27 

1.30 

1.32     1.34 

1.36 

1.39 

1.41 

1.44 

9 

1.46 

1.49 

1.51 

1.54 

1.57     1.59 

— 

— 

— 

— 

Exam.ple:  Volume  of  30-inch;  6-log  tree  of  form  class  76  = 

98.2  X  1.15  =  112.9 


Prepared  bys 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service,  Uo  S.  Department  of  Agriculture 
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Table  12 „-  Form-class  Volume  Table  for  Tanoak 

CUBIC  FEET  INSIDE  BARK  BETWEEN  STUMP 
AND  4-INCH  TOP  I.B. 
Form  Class  65 


D.B.H.i 
in  : 

Volume  (c 

iibic  feet)  by  total  heig-ht  in  feet 

:Basis 
:No,of 

inches:; 

(■ 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

'.trees 

1 
2 
3 

5 
7 

.2 
.2 
.5 
.2 
.2 

2.4 

1   5.7 

14.9 

16,3 
22,6 

24.5 
32.5 
41.8 

44.9 
56.2 
68„9 

88.6 
105. 

6 

1 

.6 

2.0 
3.7 
6,0 

4 

8 

3 

4 

7 

9 

13 

16 

21 

25 

.0 
„8 
.1 
.9 
.1 
.8 
.1 
.8 

4.4 
7.1 
10.4 
14.5 
19.3 
24  „  8 

5.1 
8.1 
12,0 
16.6 
22.1 
28,4 
35,6 
43.6 
52,4 
62.2 

3 

10 

9.1 
13.5 
18,7 
24.8 
31 0  9 
40,0 
49.0 
58,9 
69,9 
81,9 

5 

12 

12.2 
16.3 
20.9 
26.2 
32.1 
28.6 
45,8 
53o6 
62.1 

] 

] 
• 

] 
] 

5 

14 

20,7 
27.5 
35,3 
44.2 
54.2 
65.2 
77,3 
90,5 

105. 

120. 

137, 

155, 

174. 

194. 

11 

16 
18 

30  „0 
38,6 
48,3 
59.2 
71,3 
84.5 
99.0 

115. 

132  „ 

150. 

4 
8 

20 
22 

31.0 
38,0 
45,7 
54.2 
63.5 
73.5 
84.4 
96.0 

L08, 

L22, 

L36, 

L50. 

L66. 

L83o 

200, 

52,3 
64.1 
77.2 
91.5 

107. 

124. 

142. 

162, 

9 

7 

24 
26 

82,9 
98.4 

115. 

133. 

153. 

5 
6 

28 

72,9 
84.4 
96,8 

110. 

124. 

140. 

156, 

173. 

191. 

210. 

230. 

123. 
142. 
164. 

4 

30 
32 

94.8 
109. 
124. 
140, 
157. 
175, 
194. 
214. 
236. 
258. 

2 

4 

34 

174. 
197. 
221. 
246, 
273. 
302, 
332. 
363. 

186. 
210. 
236. 
263. 
292. 
322. 

354. 
388. 

2 

36 
38 
40 

169. 
190, 
212. 
235, 
259. 
285. 
312. 

183,, 
205. 
229. 
254. 
281. 
309. 
338. 

2 
1 

42 
44 

48 

215, 
237. 
261. 
285. 

- 

Basis 

- 

2 

5 

9 

11 

15 

18 

6 

8 

3 

5 

82 

Block  indicates  extent  of  basic  data. 

Form  Class:  Diameter  inside  bark  at  top  of  first  16,3-foot  log  divided  by  diameter 
outside  bark  at  breast  heig-ht,  the  result  being  multiplied  by  100.  Table  above 
is  for  the  average  Form  Class  of  the  sample  trees.  Factors  in  the  tabulation 
on  the  reverse  side  are  to  be  used  to  get  volumes  for  other  Form.  Classes. 

Table  constructed  from  the  equation:   Logarithm  cubic  ft,  vol.  =  2,1300  (logarithni 
d,b„h,  inches)  +  0,7560  (logarithm  total  ht.  ft,)  +  0,0092  (form  class)  - 
3 . 1624 . 

Basis;:   82  trees  measured  in  northwestern  California, 

/olume  is  cubic  foot  contents,  excluding  bark,  of  mam  stem  and  branches  between 

stump  and  4-inch  top  inside  bark;  stump  height  varied  from  11  to  17  inches  for 
trees  up  to  12  inches  d.b„h  ,  18-inch  stump  for  trees  12  or  more  inches  d.b.h. 

Average  deviation  of  individual  tree  volumes  from  values  estimated  by  the  equation; 
±10.9  percent. 

Aggregate  difference',   estimated  values  0.06  percent  low. 
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MULTIPLIERS  FOR  OTHER  FORM  CLASSES 

Factors  by  which  to  multiply  volumes  in  the  average  tahle  to  obtain 

volumes  for  other  Form  Classes 


Form  Class 

(Units) 

(Tens) 

0 

1 

2 

^ 

4           5 

6 

7 

8 

9 

Factors 

4 

0.59 

0.60 

0,61 

0.63 

0.64     0.65 

0.67 

0.68 

0.70 

0.71 

5 

0.73 

0.74 

0.76 

0.78 

0.79     0,81 

0.83 

0.84 

0.86 

0.88 

6 

0.90 

0.92 

0.94 

0„96 

0.98     1.00 

1.02 

1.04 

1.07 

1.09 

7 

1.11 

loU 

1.16 

ia8 

1.21     1.24 

1,26 

1.29 

1,32 

1,35 

8 

1.37 

lo40 

1.43 

1.46 

1.50     1.53 

1.56 

1.59 

1.63 

1.66 

9 

1.70 

1.73 

1.77 

1.81 

1.85     1.89 

- 

— 

- 

- 

Examples  Volume  of  30-inch,  80-foot  tree  of  form  class  75  = 
105  X  1.24  =  130.2 


Prepared  by; 

Division  of  Forest  Economics 

California  Forest  and  Range  Experiment  Station 

Forest  Service „  U.  S.  Department  of  Agriculture 
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Table  13.-  Double  bark  thickness  at  top  of  first  16.3-foot  log^^/ 


D.B.H.   ;. 

Double  bark  thickne 

3s,  inches 

o,b,   : 
(inches) ; 

Black  oak 

:   Oregon  white   : 
:      oak 

Pacific  I 
madrone   :; 

Tanoak 

S 

0„4 

0.4 

0.2 

0.6 

10 

0.5 

0.5 

0.3 

0.8 

12 

0.7 

0.6 

0„3 

1.0 

14 

0.8 

0.7 

0.4 

1.2 

16 

0.9 

0.7 

0.4 

1.4 

18 

1.1 

0.8 

0.4 

1.6 

20 

1„2 

0.8 

0.4 

1.7 

22 

1.3 

0.9 

0.4 

1.8 

24 

lo4 

0.9 

0.5 

2.0 

26 

1.5 

0.9 

0„5 

2.0 

28 

1.6 

0.9 

0.5 

2.1 

30 

lo7 

0.9 

0.5 

2.2 

32 

1.7 

1.0 

0.5 

2.2 

34 

1.8 

1.0 

0,5 

2.2 

36 

1„9 

1.0 

0.5 

2.3 

38 

19 

1.0 

0.5 

2.3 

40 

2.0 

1.0 

0,5 

2.3 

42 

2.1 

1.0 

0.5 

2.4 

44 

2.1 

1.0 

0.5 

2.4 

46 

2.2 

1.0 

0„5 

2.4 

48 

2.2 

1.0 

0.5 

2.5 

1/  Measured  from  uphill  side  with  a  stump  height  of  15  inches 
for  trees  8  inches  d.b.h,,,  17  inches  for  trees  10  inches  d.b.h., 
and  18  inches  for  larger  sizes.  This  places  the  point  of  measure- 
ment at  17.8  feet  above  the  ground  for  trees  12  inches  d.b.h.  and 
over. 
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Table  14.-  Converting  factors  for  some  California  hardwoods 


D.B.H. 
Inches 


12 
14 
16 
18 
20 
22 

24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 


Board  feet  Scribner 
to  International  1/4" 
(multiply) 

1.037 

1.031 

1.026 

1,022 

1.019 

1.017 

1.016 

I0OI4 

1.013 

1,012 

1.012 

1„011 

1.010 

1.010 

1.010 

1.009 

1.009 

1.009 

1 .  009 


Basis:   274  trees,  including  red  alder,  golden  chinquapin, 
California  laurel.  Pacific  madrone,  bigleaf  maple, 
black  oak,  Oregon  white  oak,  interior  live  oak,  and 
tanoak. 
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Table  15.-  Proportion  of  total  cubic  volume  of  main  stem  and  "branches, 


to 

-4-inch  top,  that  occurs  in  branches 

.1/ 

D.B.H. 

;   Proportion 

of  branchwood  volume 

to  total  cubic 

volume 

in 

; 

:   Oregon  white 

Pacific 

Inches 

:   Black  oak 

oak 

madrone 

Tanoak 

Percent  

6 

0.0 

0.0 

0.0 

0,0 

8 

3o2 

7.0 

0.8 

0.0 

10 

6.0 

11,2 

2.2 

0,5 

12 

8.0 

14.4 

4.5 

1,1 

14 

9.7 

16,6 

7.2 

1.6 

16 

10.9 

18.5 

8.3 

2,0 

18 

12.0 

19  c  9 

10.8 

2.3 

20 

12.7 

21.0 

12.3 

2.6 

22 

13.4 

21.8 

13.2 

2,8 

24 

13.8 

22.5 

14.0 

3.0 

26 

14.3 

23.0 

14.5 

3.2 

28 

14.6 

23o4 

14.7 

3,4 

30 

14.8 

23.6 

14.9 

3,5 

32 

14.9 

23.7 

15.0 

3,6 

34 

15.0 

23.7 

15.1 

3.7 

36 

15.0 

23.8 

15.2 

3,8 

38 

15.1 

23.8 

15.3 

3.9 

40 

15^1 

23.9 

15.4 

3.9 

42 

15.1 

23.9 

15.5 

3.9 

44 

15.1 

2^,0 

15.5 

4,0 

46 

15.1 

24.0 

15.5 

4.0 

48 

15.1 

2-4.0 

15.5 

4.0 

NOo  of 

trees    79 

105 

71 

81 

1/  Total  cubic  volume  includes  volume  of  main  stem  and  branches, 
excluding  bark,  between  stump  and  4-inch  top  inside  bark. 
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CHECK  LIST  FOR  INSPECTION  OF  LUMBER  DRY  KILNS 
By  Harvey  Ho  Smith,   Forest  Products  Technologist 


Lumber  dry  kilns  are  production  machines  that  require  careful 
attention  and  maintenance  to  keep  them  in  good  working  order o   Too  often, 
too  much  is  taken  for  granted  regarding  their  general  operating  condition^ 
and  they  fall  into  a  state  of  disrepair  that  makes  good  drying  difficult 
or  outright  impossibleo   This  note  suggests  one  type  of  check  list  that 
may  be  used  as  a  guide  for  use  by  the  kiln  operator  or  other  qualified 
person  in  making  routine  inspections  of  buildings  and  equipment o  Manage- 
ment may  also  find  this  form  useful  in  having  inspections  made  and 
reported  at  regular  intervals o 

The  need  for  such  regular  inspection  was  forcefully  revealed  by 
kiln  certification  studies  of  all  types  of  kilns ^  made  during  the  war  by 
technicians  from  the  Forest  Products  Laboratory,  Madisonj  Wisconsino  Many 
kilns  could  not  meet  the  established  requirements  because  poor  maintenance 
or  faulty  adjustment  of  kiln  parts  made  accurate  control  of  temperature 
and  humidity  impossibleo   This  study  provided  the  basis  for  the  attached 
check  listo 

Periodic  examination  of  the  kiln  building  and  kiln  equipment  may 
reveal  faulty  conditions  that  can  be  corrected  immediately  at  little  cost. 
Neglect  of  these  conditions  can  lead  to  expensive  repairs  or  replacements. 
For  example,  poor  drying  may  result  from  as  simple  an  oversight  as  failure 
to  replace  the  wet-bulb  wick  regularly,  thus  allowing  the  old  wick  to  be- 
come incrusted  with  debris  that  results  in  faulty  humidity  control „   Lack 
of  proper  air  baffles,  either  because  of  omission  from  the  original  instal- 
lation or  because  of  poor  repair  of  existing  equipment,  may  lead  to  greatly 
reduced  air  circulation  through  the  loads  of  lumbero   Leaks  in  the  steam 
heating  and  spray  systems  may  waste  steam  and  necessitate  excessive  venting, 
Water-logged  coils  and  traps  may  result  in  uneven  heating  throughout  the 
kiln,  which  in  turn  will  cause  uneven  dryingo   Such  examples  can  be  cited 
for  most  of  the  items  listed  in  the  check  list. 


*  MAINTAINED  AT  BERKELEY.  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 


KILN  INSPECTION  CHECK  LIST 
(l^ere  maintenance  or  replacement  is  recommended,  indicate  kiln  number 
AIR  CJRCULATIQN  SYSTEM 
1.  Fans  and  motors,  presjent  condition: 


Condition  of  electrical  connections  and  switches 
THhat  maintenance  or  replacement  is  recommended: 


2.  Shafts  and  bearings ,  present  condition; 


Are  motor  and  shaft  bearings  properly  lubricated; 
"l%at  maintenance  or  replacement  is  recommended: 


3.  Fan  baffles,  present  condition; 


"What  maintenance  or  replacement  is  recommended; 


4,  Load  baffles,  present  condition; 


Can  load  baffles  be  improved: 

l/Vhat  maintenance  or  replacement  is  recommended; 


5.  Air  passageways 

Are  air  passageways  open  and  unobstructed; 
Could  air  movement  be  improved: 


1%at  maintenance  or  replacement  is  recommended: 


HEATING  AND  HUMIDIFYING  SYSTEM 

1.  Feed  lines  and  header,  present  condition; 
Are  they  properly  insulated: 


Y'lha.t   maintenance  or  replacement  is  recommended; 


2„  Heating  coils ^  present  condition: 


Are  all  pipes  open  to  full  flow  of  steam: 
Condition  of  supports: 


TOiat  maintenance  or  replacement  is  recommended; 


3o  Traps,  present  condition; 


Are  traps  in  best  possible  location: 

I'/hat  maintenance  or  replacement  is  recommended: 


4.  Hand  valves  and  automatic  control  valves,  present  condition: 


Are  hand  valves  provided  for  blowing  out  coils: 

Are  hand  valves  provided  for  ■•^hutting  off  individual  coils; 
Are  check  valves  working  properly: 


What  maintenance  or  replacement  is  recommended: 


5,  Spray  lines ^  present  condition 


Are  spray  holes  or  nozzles  open: 

Does  condensate  from  spray  line  drip  on  lumber: 
I'Vhat  maintenance  or  replacement  is  recommended: 


(over) 


II.   HEATING  AND  HUMIDIFYING  SYSTEM  (continued) 


60  Vents,  present  condition; 


Do  vents  open  and  close  properlys ^^^ 

"What  maintenance  or  replacement  is  recommended; 


IIIo   CONTROL  SYSTEM 


1,  Recorder-controller 3  present  condition;: 


Is  recorder-controller  properly  calibrated; 
Are  capillary  tubes  protected; 


Are  bulbs  properly  located  and  mounted  for  accurate  readings  of  kiln 

conditions  ; 

"What  maintenance  or  replacement  is  recommended; 


Water  supply 

Is  water  supply  line  to  wet  bulb  open; 
Is  wet-bulb  water  pan  clean; 


Is  drain  line  from  water  pan  open; 
Is  wet-bulb  wick  replaced  regularly; 


"What  maintenance  or  replacement  is  recommended; 
Air  supply 

Is  supply  adequate,  clean,  and  uninterrupted; 
Is  compressor  in  good  condition; 


Are  water  and  grease  traps  in  good  condition; 
TOiat  maintenance  or  replacement  is  recommended; 


IV 0   BUILDING 


lo  Doors  3  present  condition; 


What  maintenance  or  replacement  is  recommended; 


2o  Walls  3  present  conditions 


Is  protective  coating  adequate; 

What  other  maintenance  is  recommended; 


3o  Ceilings,  present  condition; 


Is  protective  coating  adequate; 

What  other  maintenance  is  recommended; 


4o  Floors  and  walkiAfaySj  present  condition: 


What  maintenance  or  replacement  is  recommended; 


5o  Rails  and  supports ^  present  condition; 


What  maintenance  or  replacement  is  recommended; 


V„   GENERAL  CONDITIONS  OF  YARD  AND  KILNS 

Are  yard  tracks  and  transfer  in  good  condition; 
Are  kiln  trucks  in  good  condition;^ 


What  maintenance  or  replacement  is  recommended; 


Are  kilns  and  surrounding  area  neat  and  clean; 


FDREST  RESEARCH  NOTES 

US.DEPARTMENT  OF  AGRICULTURE 
FOREST  SERVICE 

CALIFORNIA  FOREST  AND  RANGE 
EXPERIMENT    STATION* 

STEPHEN  N.  WYCKOFF,      Director 


No,    70 


June   12,    1950 


DEPARTMEJ^T  OF  FOJ?zST.V/ 
XHE  UNIVERSITY  Q^  Ti-!£  SJUrH 


SOME  OBSERVATIONS  ON   THE    SEEDFALL  OF  SUGAR   PINE 


By 


H.   A.    Fowells 
Forester 


*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 

Agriculture — Berkeley 


SOME  OBSERVAnONS  ON  THE   SEEDFALL  OF  SUGAR   PI  Ml 


By  H,   A,    Fowells 


Increasing  interest  in  the  management  of  sugar  pine  (Pirrus 
lambertiana  Dougl«j  in  the  mixed-conifer  stands  of  the  west  slope  of 
the  Sierra  Nevada  has  pointed  o\it  the  need  of  certain  silvical  know- 
ledge«  One  bit  of  required  knowledge  is  the  area  that  can  be  seeded 
effectively  by  a  sugar  pine  tree.  The  forest  manager  must  have  this 
informa,tion  in  marking  a  stand  to  obtain  natural  reproduction  of  sugar 
pine. 

Observations  by  Siggins:-^  give  some  notion  of  the  horizontal 
distribution  of  seedo   He  found  that  sugar  pine  seed  fell  at  the 
average  rate  of  Se?  feet  per  second  in  still  air^   Given  the  distance 
of  fall  and  the  wind  velocity  over  the  path  of  fall,  the  horizontal 
travel  of  falling  seed  can  be  /computede  As  wind  velocity  within  the 
forest  is  extremely  variable—^,  any  estimates  of  seed  distribution 
based  on  assumed  wind  movements  would  no  doubt  be  subject  to  large 
errors.   Such  estimates,  however,  can  be  used  to  set  limits  of  seed- 
fall  „   For  example,  seed  falling  100  feet  with  an  average  wind  veloc- 
ity of  10  miles  per  hour  theoretically  would  travel  169  feet  horizon- 
tallye   In  vie*  of  the  usually  low  wind  velocities,  such  a  distance  . 
may  represent  the  upper  limits  of  seed  distribution,, 


This  report  concerns  data  collected  at  the  Stanislaus  Experi- 
mental Forest J  California  Forest  and  Range  Experiment  Station,  on  the 
actual  distribution  of  sugar  pine  seed  and  on  the  amount  of  such  seed 
necessary  for  natural  reproduction. 


l/  Siggins,  Howard  W,  1933.   Distribution  and  rate  of  fall  of 
conifer  seedso   Jour,  Agr,  Res,  47:  119-128o 


2/  Fons,  W.  L.  1940.   Influence  of  forest  cover  on  wind  veloc- 
ityo   Jour.  Forestry  38:  481-486. 


How  Seed  Distribution  was  Measured 

To  sample  the  distribution  of  seed  from  individual  trees j  seed 
traps  were  placed  around  three  isolated  sugar  pine  trees  in  1941,  a  year 
of  heavy  seed  production,,   The  selected  trees  were  long-crovmed,  40  to 
50  inches  doboho,  and  150  to  175  feet  in  heighto   They  bore  an  average 
of  about  150  cones  apiece. 

The  seed  trapSj  slightly  less  than  3  feet  square,  were  exposed 
at  the  rate  of  2  per  square  chaino   To  effect  the  location,  4  annuli, 
or  concentric  zones,  of  8  square  chains  each  were  described  around  each 
tree,  using  radii  of  lo59,  2,26,  2o76,  and  3ol9  chainso   Then  the  cir- 
cular area  of  3o2  acres  surrounding  each  tree  was  divided  into  octants. 
This  division  made  32  chain-square  segments,  within  each  of  which  two 
traps  were  located  by  random  azimuths  and  distanceso 

Seeds  falling  in  the  traps  were  counted  at  10-day  intervals  in 
October,  All  seeds  were  cut  to  determine  soundness,  and  the  distribution 
of  sound  seed  only  is  reported,, 

How  the  Seed  was  Distributed 

Sound  seed,  virhich  constituted  91  percent  of  the  total,  fell  on 
the  3o2  acres  surrounding  each  tree  at  the  average  rate  of  8,250  seed 
per  acreo   However,  seedfall  was  concentrated  close  to  the  tree;  65 
percent  was  in  the  first  zone,  and  the  remainder  was  about  equally 
distributed  in  the  three  outer  zones: 


Zone 


Radial  distance  chains 


Seed  per  acre 


First 

0   -  lo59 

21,400 

Second 

1„59  -  2„26 

3,650 

Third 

2„26  -  2o76 

4p300 

Fourth 

2o76  -  3.19 

3,650 

As  to  direction  of  fall,  the  seed  was  distributed  fairly  uni- 
formly around  the  trees,  despite  strong  east  to  northeast  winds  in 
one  day  of  the  first  counting  period.   On  the  average,  the  proportion 
of  seed  falling  in  each  octant  wass 


Octant 


Proportion  of  total,    percent 


North  northeast 
East  northeast 
East    southeast 
South   southeast 
South   southvre  st 
West    southwest 
West  northwest 
North  northvrest 


9 
14 

7 
11 
21 
11 
17 
10 


Of  the  total  seed  trapped,  78  percent  had  fallen  by  the  first 
count,  October  9;  17  percent  in  the  next  10  days,  and  5  percent  in  the 
last  10  days« 
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How  Much  Seed  is  Needed? 

Large  amounts  of  seed  seem  to  be  necessary  to  obtain  relatively 
few  seedlings  even  when  favorable  soil  conditions  are  prepared  before 
seedfa^Llo   In  1948  the  California  Station  conducted  a  logging  experi- 
ment,^ designed  specifically  for  natural  reproduction  of  sugar  pine. 
Sound  sugar  pine  seed  fell  on  the  test  area  at  the  rat;e  of  29,000  per 
acre.   On  the  basis  of  counts  on  680  milacre  quadrats^  sugar  pine  seed- 
lings germinated  at  the  rate  of  707  per  acreo   The  area  was  treated  to 
control  rodent s» 

Other  tests  showed  similar  results.   In  1941,  sugar  pine  seed- 
lings germinated  at  the  rate  of  139  per  acre  on  bare  mineral  soil  after 
sound  seed  fell  at  10,600  per  acreo   In  1936,  another  good  seed  year, 
seed  trap  counts  indicated  that  sugar  pine  seexi  was  distributed  at  the 
rate  of  29,100  seed  per  acre  on  one  brushy,  cut-over  plot  and.  5,100 
seed  per  acre  on  another.   Seedlings  were  found  the  year  after  at  the 
rate  of  240  and  20  per  acre  respectivelyo 

If  these  data  are  indicative  of  tne  amount  of  seed  necessary  to 
obtain  a  few  hundred  natural  seedlings,  then  only  within  a  radius  of 
about  100  feet  of  the  study  trees  was  enough  seed  dispersed.   In  clear- 
ings much  more  than  100  feet  from  a  seed  tree  natural  regeneration  of 
sugar  pine  may  be  scanty  even  in  heavy  seed  years. 


3/  Dunning,  Duncan.   1949,   In,  A  sugar  pine  regeneration 
experiments  West  Coast  Lumberman  76T3) :  62,  64 o 
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WET  WATER  FOR  FOREST  FIRE   SUPPRESSIOwi/ 


June    27,    1950 


By 


Wallace    L.    Fons  ,   riechanical   Engineer 


In  recent  years   wetting   agents   have   been  recoramended  by  manu- 
facturers  and   others   for   increasing  the   efficiency  of   water  for   fire 
suppression.      Many  local  fire-protection  agencies   have   made   tests 
comparing  wetting  agent   solutions   with  plain  water   for   flame    suppres- 
sion and  mop-up  under  field   conditions.      In  general,   their   results  and 
conclusions    indicated  the   need   for   comprehensive   tests   to  determine 
the   types   of  wetting   agents   best   suited  for   suppression  and  the   best 
technique   for   application   of    chemically  treated  water,   called  wet  water. 

Such  comprehensive    research  was   begun  in  1948   by  the   Engineering 
Departmi.ent  at   the  University  of   California  at  Los  Angeles.      Technical 
supervision  of   the   research  was   administered  by  the   Division   of   Forest 
Fire   Research,    California  Forest   and   Range  Experiment   Station.      In   1949 
the    Station  took   over   all   phases   of   the   investigative   work. 

At   the    outset   it   was    realized  that   a   great   deal    of    fundamental 
research  would  be   necessary  before    specifications    on  all   phases    of 
suppression  could  be    developed.      For   instance,    those   physical   properties 
of  water   and   chemicals   accounting   for   the    suppression  action  were   not 
known.      The   research   program  was  therefore    divided  into   three   parts: 

(1)  Determining  the   physical   properties    of  plain  water   and  wet  water; 

(2)  investigating  the   mechanisms    of   fire    suppression;    (3)    determining 
the    suppression  effectiveness   of  wet   water   over  plain  water. 


l/  Presented  at:   Annual  meeting.    Southern  California  Association 
of  Foresters    and   Fire    Wardens,    San  Bernardino,    Calif.,   April    7,    1950,    and 
Annual  meeting,   California  Rural   Fire   Association,   Merced,    Calif.,   April 
21,    1950. 


*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 
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Physical  Properties 

The  physical  properties  thought  to  be  important  in  suppression 
are:  surface  tension,  penetration,  surface  spreading,  and  foaming. 
Surface  tension  is  a  measure  of  the  force  required  to  hold  a  liquid 
drop  in  a  spherical  form.   For  instance,  mercury  has  a  high  surface 
tension  value  (513  dynes/cm);  water,  a  moderate  value  (72.8  dynes/cm); 
and  alcohol  and  petroleixm,  low  values  (approximately  25  dynes/cm).  Most 
wetting  agents  in  concentration  of  one  percent  will  reduce  surface  tension 
of  water  to  30  dynes/cm.   The  more  active  the  wetting  agent  is,  the  more 
rapidly  the  surface  tension  of  water  is  decreased.,   The  recommended  con- 
centration for  fire  fighting  is  usually  such  as  to  reduce  the  surface 
tension  of  water  to  about  35  dynes/cm. 

When  the  surface  tension  of  water  is  reduced,  spreading,  penetrating, 
and  foaming  are  increased.   Tests  of  these  physical  properties  were  made 
on  water  ana  14  commercial  wetting  agents.   The  tests  show  that: 

1.  Surface  spreading  of  wet  water  on  wood  is  2  to  8  times 
greater  than  water,  depending  on  species  of  wood. 

2.  Penetration  into  wood  of  wet  water  is  about  8  times 
greater  than  water. 

3.  Penetration  of  wet  water  into  charcoal  is  about  2/3  as 
much  as  it  is  for  wood. 

4.  Penetration  and  surface  spreading  of  water  on  charcoal 
is  practically  nil. 

5.  All  wet  water  readily  forms  foam. 

Corrosion  tests  with  iron  and  galvanized  iron  showed  that  wet- 
ting agent  solutions  in  general,  unless  they  contain  an  inhibitor, 
have  higher  corrosion  rates  than  distilled  water.   With  few  exceptions 
the  rate  of  corrosion  was  greater  for  the  galvanized  iron.   The  corro- 
sion of  metals  by  wetting  agent  solutions  may  be  wholly  corrected  by 
the  addition  of  small  amounts  of  chemicals,  knowi  as  corrosion  inhibitors, 
such  as  potassiujn.  dichromate  and  sodium  nitrite.   Tests  showed  that  as 
little  as  100  parts  per  million,  or  about  2  ounces  per  100  gallons  of 
water,  of  commercial  granular  potassium  dichromate  was  effective  in 
reducing  the  corrosion  of  iron  and  galvanized  iron  by  wetting  agent 
solutions . 

Suppression  Mechanism 

Before  tests  with  fires  were  begun,  some  important  questions 
arose  concerning  the  suppression  action  of  water.-  First,  what  is  the 
behavior  of  a  water  droplet  when  it  strikes  a  burning  wood  surface? 
Calculations  revealed  that  water,  sprayed  on  burning  wood  with  its 
surface  reduced  to  charcoal,  will  impinge  on  the  charcoal  surface 
having  a  temperature  as  high  as  1900°  F.   Second,  what  is  the 
theoretical  minimiim  volume  of  water  necessary  to  cool  a  unit  volume 
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of  burning  wood  below  the  rekindling  point?   Again,  calculations  showed 
that  a  unit  volume  of  water  suddenly  applied  over  the  entire  surface 
will  cool  300  volumes  of  burning  wood  below  the  kindling  point]  but  if 
the  water  is  applied  only  to  the  frontal  area  of  the  burning  wood,  the 
amount  of  water  required  is  doubled.   Third,  does  penetration  cooling 
have  an  advantage  over  surface  cooling  and  vice  versa?   Results  of  cal- 
culations indicated  that  there  was  no  significant  difference  between 
penetration  and  surface  cooling. 

• 
Suppression  Effectiveness 

Water  may  be  used  to  an  advantage  in  forest  fire  suppression 
for:  (l)  Flame  suppression;  that  is,  application  of  water  on  the  flame 
to  retard  the  spread  of  a  given  section  of  fire;  (2)  mop-up;  that  is, 
application  of  water  on  a  burned  area  to  extinguish  small  isolated 
flames  and  to  cool  glowing  and  charred  material  to  a  point  at  which 
rekindling  is  unlikely;  (3)  pretreatment ;  that  is,  application  of  water 
on  unburned  fuels  in  advance  of  an  oncoming  fire  to  retard  its  rate  of 
spread  or  in  holding  a  line  from  which  to  backfire.   For  each  of  these 
uses,  fire  tests  were  conducted  to  compare  the  suppression  effectiveness 
of  wet  water  ana  plain  water. 

Flame  Suppression 

For  flame  suppression,  a  total  of  93  m.odel  fires  were  burned  on 
which  the  effectiveness  of  14  commercial  wetting  agents  were  tested. 
Besides  these  laboratory  tests,  66  field-fire  tests  were  made,  in  which 
three  commercial  wetting  agents  were  tested.   Each  fire  was  allowed  to 
burn  up  to  its  maximum  flame  intensity  before  suppression  was  started. 
The  intensity  of  each  fire  was  measured  with  a  radiometer.   From  the 
radiometer  record  of  each  fire,  the  intensity  during  suppression  was 
calculated. 

The  experimental  work  established  the  superiority  of  wet  water 
over  plain  water  in  reduction  of  fire  intensity.   The  superiority  is 
at  its  maximum  when  the  liquid  is  first  sprayed  on  the  fire.   Results 
indicate  that  this  superiority  at  the  very  beginning  of  spray  applica- 
tion on  a  section  of  flaming  front  is  from  three  to  four  times  greater 
than  at  the  end  of  application,  when  only  isolated  flames  remain.   For 
the  period  of  flame  suppression  of  these  experimental  fires,  the  mean 
superiority  values  of  wet  water  over  plain  water  are  1.70  for  field 
fires  and  2.10  for  model  fires.   Ordinarily,  superiority  is  expressed 
as  a  ratio  of  quantity  of  plain  water  used  to  quanitty  of  chemical 
solution  used.   The  superiority  of  wet  water  based  on  quantities  was 
1.25  for  field  fires  and  1.55  for  model  fires. 

However,  in  recommending  wet  water  for  flam.e  suppression  em.phasis 
is  given  to  the  superiority  based  on  reduction  of  flame  intensity.   The 
practical  importance  of  this  superiority,  especially  at  the  beginning 
of  suppression,  is  that  it  shows  the  decided  advantage  a  hose  operator 
has  in  advancing  on  a  fire  front  with  wet  water.   This  advantage  should 
permit  an  operator  to  knock  down  the  flame  intensity  more  quickly  to  a 
point  where  he  can  move  in  and  hold  the  spread  of  a  fire.   It  is  believed, 
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therefore,   that  the  use    of  wet  water   in  flame    suppression   should   result 
in  controlling  a  greater  number   of   fires   as   well   as   in  controlling  the 
fires   at   an  earlier   period,   thus   reducing  the    size    of  the   mop-up   job. 
Even  where    an  abundant   supply  of  water   is   available ,   use    of  wet  water 
in   some    instances  may  make   the   difference   between   success   and  failure 
in  controlling  a  forest  fire. 

In  these   tests  the   ratios    of  volume    of   burning  wood  to  volume    of 
wet  water  used  for   flame    suppression  v\ere  :   field  fires,    56  to  1;   model 
fires,    117  to   1«      For  fires    suppressed  with  water   the  ratios  were   45  to 
1   for   field  fires   and    76  to   1  for  model   fires.      These   ratios,   when  com- 
pared with  300  tc   l—the  maximum  possible,    show  that  there   is   room  for 
improvement   in  techniques    of   application. 

Experimental  work  has   not   yet   advanced   sufficiently  to   specify 
what  pressures   and   discharge    rates  to  use   for  most  efficient  flame 
suppression.      It  has   been  noted,   however,   that   on  the    experim.ental 
fires    sprays   were    superior  to   straight   streams   primarily  because    of 
their  greater   coverage. 

Mop-up 

To  test  the  effectiveness    of   wet  water   in  mopping  up  fires   in 
deep  pine    litter,   a  total   of   108   test  fires  were   burned.      The   teclmique 
used  in  mopping  up  these   fires   consisted   of  first   spraying  the    burned 
area  as   rapidly  as   possible,    suppressing  all   glowing,    smoking,    and   burn- 
ing material  J   yet  not  wasting  water   or   wet  water  by  wetting  the    area 
unnece.?sarily.      In  this   first  application  care   was   taken  to  hold  the 
nozzle   above   the    surface    of  the   burning   litter  at   a   distance   which  gave 
minimum  air  entrainment  and   effective    spray  distribution  mth  maximum 
coverage.      The    first   application  was   followed  by  an   intejrmittent   appli- 
cation  on  those    spots   where    smoke   appeared «      A  quick-opening-and-closing 
shut-off  nozzle    permitted  closing  the   nozzle    quickly  when  moving  from  one 
smoldering   spot  to   another   and   opening  it   only  long  enough  to  ex-tinguish 
the   immediate    sms.!!  hot  area. 

The   results   of   82   of   these   fires    show  that  the    superiority  based 
on  quantity  of  plain  water  used  compared  to   quantity  of  wet  water  used 
is    about    1.29.      Thus,    by  the  addition   of  wetting   agents   at   appropriate 
concentration,    a   saving   of    23  percent   in  the    quantity   of    water   can  be 
realized   on  a   given  mop-up   job.     As  intermittent   application  was  used  part 
of  the   time   in  mopping  up  these   fires,   the    superiority  of  wetting   agent 
solutions   based  on  time    of  mop-up   is    only  lol5.      This  m.eans    a   saving   of 
13  percent   in  time   in  mopping  up   a  given  burn.      In  practice   the    saving  of 
23  percent  in   quantity  of  water   and   13  percent   in  mop-up  time   m.ay  appear 
as  not   being  significant;   however,    on  a  national   scale    or   even   on  one   large 
burn   such  a   saving   can  amount  to   a  considerable   sum  of  money. 

Another  factor    of   practical   importance    is   that  v^et  water   in  mop-up 
has   a  distinct   advantage    in  reducing   the   rekindling  from  hot   spots    and 
glowing  embers.      For  the   mop-up  tests   in  deep  pine    litter  the    ratio    of 
rekindled  spots   on  plots    suppressed  with   water  to   the   rekindled   spots   on 
plots    suppressed  with  wet   water  was    1.43  to   1,      For   comparable   fuel  types 
one   can  expect   approximately  30  percent  fewer   rekindlings  on  an  area  mopped 
up  with  wet  water,. 

-4- 


Pretreatment 

Pretreatment  experiments  were  made  by  spraying  wet  water  and 
plain  water  on  litter  fuels  to  determine  whether  wet  water  would 
increase  the  length  of  time  that  wetting  is  effective.   Tho  results 
of  these  experiments  indicate  that  the  length  of  time  for  sprayed 
\xnburned  litter  fuels  to  dry  is  50  percent  longer  for  wet  water  than 
for  plain  water.   This  is  attributed  to  the  greater  surface  spreading 

and  penetration  of  wet  water. 

■ 

Conclusions 


Significant   differences   were   found  in  physical   properties   among 
the   wetting   agent   solutions   tested.      However,    no   special  meaning  can 
be   attached  to  these    differences   because   these    same    agents   were   not 
significantly  different   in  their  effectiveness   in  the   fire    suppression 
tests.      It   appears   that  the    surface    spreading,    penetrating,    and   foaming 
properties    of   all  the   wetting   agents   tested,    when  the    agent   is   used   so 
as   to  reduce   the   surface   tension   of  plain  water   by  one-half,    are   within 
that   range   which   does   not    alter  the    effectiveness    of    a  wetting   agent 
solution  for  fire    suppression.      The   results   indicate   that   on  the   basis 
of   penetration  and   surface    spreading,    any  one    of   the    hundreds    of  wetting 
agents   now   on  the   market,    if  used   at  the    proper   concentration,    would 
yield   suppression-effectiveness   results    comparable   to   those    obtained 
for   the    wetting   agents   tested. 

Specific   conclusions   drawn  from  work  performed    to   date     are: 
(l)    Savings   up  to    23  percent   in  the    volizme    of  water   required  and   13 
percent   in  time    of  mop-up   can  be    obtained  with  wet  water   if  applied 
with   reasonable   efficiency;    (2)    rekindling   is   reduced  as   much  as    30 
percent   on  fires  mopped  up  with  wet  water   as    compared  with  plain  water; 
(3)    foainlng   appears   to   be    a   desirable    property   of   wet   water   in  mop-up 
because    it  prevents    channeling   of  the  water;    (4)   wet   water    is  m.arkedly 
superior   to   plain  water    in  its   ability  to  knock  down  flames   quickly, 
thus   peripitting  access   to  a   fire   edge   not    otherwise   accessible:    (5) 
dead  fuels    along  the   burning  edge    of   a  fire    or   along   a  backfire    line 
remain  wet  up  to   50   percent    longer   when  sprayed  v.ath  wet  water   than 
when   sprayed  with  plain  water;    (6)   fuels    once   treated  with  wet  vcater 
and  allowed  to  dry  m.ay  be    sprayed   later   mth  plain  water   with  results 
comparable    to   an   original    spraying   with   wet   water:    (7)   most   wetting 
agents   increase   the    corrosive   action   of  water,    but   this   can  be   wholly 
corrected  by  the    addition   of    chemicals    known   cs    corrosion   inhibitors. 

In  general,   the    results   to  date   have    shown  that  wetting   agents 
have   a  definite   place    in  forest   fire    suppression.      Certain  information 
on  foaming  and   dermatological  effects,   however,    is    still   needed  to  permit 
the    writing   of    definite    specifications    for   the   most   desirable    type    of 
watting   agents.      Som.e    advancement   has    been  made    on  technique    of   applica- 
tion for  m.aximum  effectiveness;    but   this   knowledge    is   not    yet    complete 
enough  to  satisfy   all   field    conditions.      Experiments    are    still   needed 
to   determdne   tho   effect   of   form,  and  pattern  of   spray   on  fire    suppression 
efficiency,    for    plain  water,    wetting    agent    solutions,    and    other    chemicals, 
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PE  UNlVERSiTV  Of  TH£  SQUi^; 
SEWAWfeE,  TENN. 
EFFECT  OF  WEED  COi'^ETITION  UPON 


SURVIVAL  OF  PLANTED  PINE  AND  CiiAPARRAL  SEEDLIN-;S 

By 
J.   S.    Horton,   Ecolo-  ist 


Survival  of  trees  and  shi-ubs  in  field  plant.. n;_:s^   under  seiiii- 
/arid  conditions  i;ia\  b;-  deterniined  b     the  amount  ',)f  c.  mpet  .tj.v.)n  for 
soij.  noisture  and  nutr:'cnts  caused  b,v  plants  jj,row  ni^,   ..n  or  near  tlic 
planting  area.     An  opport 'Jilt,,   t..  stud;    ti^j  effect  of  c mpetit.  on 
between  annual  plants  and  planted  trees  and   !:;lirubs  was  aff-trdcd  :n 
19^4  -'li  the  San  D^nias  Evperiuicntal  Forest  in  s<vUthern  Calif. jrnia. 
The  San  Difiias  l;,smet3rs^  were  soon  to  be  planted  to  a  number  of 
spec  es  of  nat».ve  chaparral,   and  tost  plantin-s  were  made  in  aa  ad- 
jacent area  over  a  per.iOd  of  several  years  to  deveJ-op  the  proper 
method  of  estabLisIdn;^'  the  desired  vegetat  on.     The  test  plantings, 
made  m  Januar;  ,   1^44,   were  designed  to  answer  the  question:     "Will 
it  bo  necessar     to  remove  the  cover  of  annual  vegetation  in  order  to 
establish  a  successful  plantation?"     The  study  reported  here  shows 
that  weeding  xs  neccssar\ . 


2/     The  term  "planting :"  as  used   .^n  this  paper  includes  both 
the  S'.^w  ng  of  seeds  and  the  planting  of  nursery  gr'-wn  stock. 

2/     "The  San  D..  ,iae  Lys.  leters",   ^o:,'   E.   A.    C.lman  and 
E.  L,   Hamilton,   California  Forest  and  Range  Experiment  Station, 
Research  Note  N  .   47,   194'/. 


t»«AlNTAINEO  AT  BERKELEY,  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 

Agrl  culture — Berkeley 


Four  species  were  used  for  the  study:   Coulter  pine  (Pinus 
coulteri  D,  Don),  California  scrub  oak  (Quercus  dumosa  Nutt„),  hoaryleaf 
ceanothus  ( Ceanothus  crassifolius  Torr,),  and  chamise  ( Ad eno stoma 
fasciculatum  H.  and  A,).,   The  test  was  made  in  a  soil  that  ranged  from 
sandy  loam  to  sandy  clay  loam  in  texture,  and  from  A  to  6  feet  in  depth ,- 
Growing  conditions  were  good,  due  to  the  considerable  depth  of  soil  and 
the  aoundant  winter  rainfall  (table  1)  ,  A.verage  annual  rainfall  at  the 
study  area  is  2S  Inches,, 

Table  1„-  Rainfall  at  Tanbark  Flat,  San  Dimas  Experimental  Forest 


Month         I  1943-4.4      s    1944-43    ; 1943-46 

__________  Inches  ----------- 


October  1.26  1..41  1.18 

November  .3?  '9.41  ..  '     .53 

December  9,79  1.67  13.13 

January  1.62  6„73  .39 

February  13.96  3.17  2,33 

March  3.48  ,5.33  8,03 


1.26 

.37 

9,79 

1.62 

13.96 

3.48 

1.75 

,00 

o36 

oOO 

.00 

,00 

April  1.75  .47  .00 

May  ,00  „00  ,16 

June  o36  .00  ,00 

July  oOO  ■     .00  ^       ,   „00 

Aug-ast  ,00  ,3  51  "          .00 

September  ,00  ,00  ,00 


Total  annual     32.59  28.70  25.75 


The  herbaceous  growth  that  covered  the  test  area  had  been  undis- 
turbed for  4  years  prior  to  the  study,  and  had  developed  a  uniformly 
dense  cover.   Brorous  mollis  L„ ,  B.  arenarius  Labill.,  B„  rub ens  L. ,  B. 
tectorum  L„ .  Festuca  ro_egalura  iNutt. ,  Lotus  strigosus  (Nutt)  Green, 
Trifolium  microcephalum  Parsh„ ,  and  Erodium  circutarium  L'Her.  were  the 
most  common  species.   All  these  are  annuals  that  mature  in  the  late 
spring  or  early  summer,   Lotus  strigosus  and  Trifolium  microcephalum  may 
continue  to  grow  as  late  as  August  if  there  is  available  water..   For  the 
sake  of  brevity,  these  annual  grasses  and  herbs  will  be  referred  to  in 
this  paper  as  "weeds". 

The  plants  to  be  studied  were  set  out  in  the  test  plots  as  follow: 

Pinus  coulteri , —  Pine  seedlings  grown  one  year  in  a  nursery  seed 
bed  were  planted  in  nine  rectangular  plots  of  50  seedlings  each.   The 
seedlings  were  placed  in  holes  spaced  1  foot  apart  which  were  dug  with 
a  2-inch  soil  auger.  The  individual  plots  measured  5  by  10  feet,  and 


~2~ 


were  arranged  in  a  row  alternating  with  unplanted  strips  4  feet  wide. 
The  first,  fourth,  and  seventh  plots  were  hoed  and  kept  free  of  com- 
peting weeds  throughout  the  experiment;  those  weeds  which  developed 
in  the  second,  fifth,  and  eighth  plots  were  kept  clipped  to  a  height 
of  2  inches  above  the  ground;  the  weeds  in  the  third,  sixth,  and  ninth 
plots  were  allowed  to  grow  without  hoeing  or  clipping, 

Quercus  dumosa, —  Scrub  oak  was  planted  by  two  methods;  first, 
two  square  plots  were  planted  with  100  seed  spots,  each  spot  containing 
three  acorns,  and  second,  two  plots  were  planted  with  25  bareroot  trans- 
plants which  had  been  grown  1  year  in  pots  in  the  nursery,  and  removed 
from  the  nursery  soil  just  prior  to  planting.  In  both  methods,  one  of 
the  two  plots  was  kept  free  of  weeds  for  the  full  period  of  the  experi- 
ment, but  on  the  other  plot  the  weedy  cover  was  allowed  to  grow  without 
disturbance.  The  seed  spots  were  covered  with  a  litter  layer  and  the 
entire  sown  area  covered  with  woven  wire  to  protect  the  seeds  from  birds 
and  rodents. 

Ceanothus  crassif olius „ -°Seeds  of  hoaryleaf  ceanothus  were  sown 
in  two  square  plots  of  100  seed  spots  each  with  approximately  30  seeds 
per  spot.  One  plot  was  kept  bare  and  the  other  allowed  to  stay  weedy. 
Seed  spots  were  covered  with  litter  and  the  entire  sown  area  covered 
with  woven  wire, 

Adenostoma  fasciculatum. —  Chamise  seedlings  dug  from  a  2-year-old 
burn  were  planted  in  two  plots  of  80  seedlings  each  (one  kept  bare  and 
one  left  weedy).  These  plants  were  uniformly  pruned  to  a  2- inch  height 
after  planting. 

Survival  counts  of  all  species  were  made  at  intervals  during  the 
next  three  years. 

Survival  of  Plants 

Nearly  all  of  the  Coulter  pine  trees  survived  in  the  bare  plots, 
only  one  dying  out  of  the  150  planted  (table  2),  In  the  clipped  plots 
95  survived  out  of  150  planted,  and  in  the  weedy  plots  only  64.  Most 
of  the  deaths  occurred  the  first  year  between  July  and  the  end  of 
December,  Thus  some  deaths  occurred  after  the  abundant  rains  of  November 
1944.  Very  few  deaths  occurred  during  1945  and  1946,  In  general  deaths 
started  earlier  in  the  weedy  plots  than  in  those  that  were  clipped. 
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Table  2o-  Number^of  Coulter  pine  seedlings  surviving  out  of 
initial  planting  of  50   per  plot 


:          I                                Dates  of  observation 

:  Plot     I                         1944          :      1945 

:  1946 

Plot  :  treatment  :  7/22 :8/l7s 8/30 s 9/27 ol0/l9  :  l/3:4/5:ll/l6 

J  10/9 

1 

Bare 

50 

50 

50 

49 

49 

49 

49 

49 

49 

2 

Clipped 

50 

47 

43 

33 

26 

24 

22 

21 

21 

3 

Weedy 

43 

27 

22 

11 

7 

3 

3 

2 

2 

4 

Bare 

50 

50 

50 

50 

50 

50 

50 

50 

50 

5 

Clipped 

50 

49 

47 

44 

43 

41 

41 

41 

41 

6 

Weedy 

49 

47 

45 

42 

41 

41 

41 

39 

39 

7 

Bare 

50 

50 

50 

50 

50 

50 

50 

50 

50 

8 

Clipped 

50 

50 

48 

43 

38 

37 

35 

33 

33 

9 

Weedy 

50 

49 

47 

38 

32 

.   27 

26 

23 

23 

The  other  species  tested  (table  3)  showed  qualitatively  the  same 
results,  but  in  all  cases  survival  of  transplants  in  the  bare  plots  was 
lower  than  was  shown  by  the  Coulter  pine„  Seed- spot  germination  and 
survival  was  determined  by  the  number  of  spots  that  contained  one  or  more 
living  plants  at  the  time  of  observation.   Oak  seedlings  appeared  in  fewer 
seed-spots  in  the  weedy  plot  than  in  the  bare  plot,  and  the  seed-spots 
showed  lower  survival  and  greater  second-year  losses  than  did  the  trans- 
plants,  Ceanothus  showed  the  lowest  seed-spot  germination  and  survival. 
No  seeds  germinated  in  the  weedy  plot  of  this  species. 
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Table  3.-  Survival  of  three  chaparral  species,  by  type  of  planting. 
treatment,  and  date  of  examination 


:  Type  of  :    Plot  i   Germi-  :  Date  of  observation 
Species    ;  planting  :  treatment  :  nation  ;  10/19 A^:l  1/20 A5:10/9A6 


Pet. 


Pcto     Pet.    Pet. 


Quereus 

Trans- 

Bare 

— 

88 

84 

84 

dumosa 

planting 

Weedy 

— 

44 

36 

36 

Seed 

Bare 

96 

55 

29 

29 

spots 

Weedy 

67 

41 

23 

23 

Ceanothus 

Seed 

Bare 

A8 

30 

26 

26 

erassifolius 

spots 

Weedy 

0 

0  - 

0 

0 

Ad eno stoma 

Trans- 

Bare 

— ^ 

65 

59 

59 

fascieulatum 

plants 

Weedy 

35 

31 

31 

Discussion 

^nd 

Conclusion 

The  results  of  this  study  show  that  the  presence  of  weeds  reduced 
survival  of  all  species.   The  first  year  appears  to  be  the  critical  one  in 
determining  survival.  The  fact  that  most  of  the  pine  losses  occurred 
during  the  dry  late  summer  and  fall  suggests  that  competition  for  water 
between  pine  and  weeds  was  probably  the  causative  factor.  This  suggestion 
ie  substantiated  by  the  fact  that  survival  in  the  clipped  plots  of  Coulter 
pine  was  greater  than  in  the  weedy  plots;  transpiration  from  the  clipped 
weeds  would  be  expected  to  be  less  than  from  the  weeds  that  were  growing 
freely. 

In  order  to  find  out  if  differences  in  available  water  might  provide 
a  clue  to  the  survival  of  the  pines,  soil  moisture  samples  were  taken  on 
August  29,  1944,  in  each  of  the  pine  plots.  This  sampling  provided  a 
measurement  of  soil  moisture  at  a  time  when  air  temperatures  were  high  and 
soil  moistures  near  to  their  minimum„   The  results  of  this  sampling  pro- 
vided some  substantiation  of  the  idea  that  lack  of  available  water  was 
the  critical  factor  in  survival  (table  4). 
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Table  4»-  Available^.^water_.find  wiltlng:j2.oliit  of  the  soils  in  the 
Coulter  pine  •plots'  at  the  end  of  the  first   summer 


£lot 


Soil  layer 


0-12  in,  12-24  in.  24-36  in„ 36-48  in„ 


/ 


Treatment    :   AW^^    «   W?^       i        Aw'      i     WP        ;      AW      :      WP        :     AW      :      WP 


l-ercent  rriDisture 


1  Bare  -1,4  5,3  1,9  4.3  3»9  4.4  5.3  5.4 

2  Clipped  -3.1  5,9  1.2  4o4  3.7  4a  4„6  5.8 

3  Weedy  -2.8  5,4  0.0  4.4  2„4  4.2  4.5  4.1 

4  Bare  -1,5  4.8  0.8  4.7  2.9  4.9  4.2  4.0 

5  Clipped  -1,6  7,2  1.4  6,6  3,3  4,4  4.9  4.2 

6  Weedy  -1,6  7,4  1.0  6,0  4.6  5,9  5.8  9,0 

7  Bare  -1,8  7.4  0,4  5.2  1,7  7.6  3.6  8,0 

8  Clipped  -2,2  7,2  -0,3  5,5  3.3  8,4  7.5  7.2 

9  Weedy  -2,2  6.6  -0„7  6,1  0.0  6.6  5.7  8,1 


l/   AW  =  Available  water  (moistiire  coxitent  minus  wilting  point) 

2/  WP  -  Wilting  point 

In  every  plot,  regardless  of  treatment;,  the  first  foot  of  soil  was 
devoid  of  water  available  to  plants.  The  weedy  plots  were,  on  the  average, 
somewhat  drier  than  the  bare  plots  in  this  layer,,  Available  water  was 
present  in  the  second  foot  of  some  plots  and  not  of  others.  Thus  in  the 
first  and  third  trios  of  plots  there  was  considerably  less  available  water 
in  the  weedy  than  in  the  bare  plotS;,  but  in  the  second  trio  this  was  not 
the  case.   The  average  available  moisture  for  the  second  foot  layer  of  the 
bare  plots  was  1,0  percent,  for  th^^iipped  plots  0.8  percent,  and  for  the 
weedy  plots  0.1  percent.  Available  water  was  present  in  the  third  foot  of 
all  but  one  weedy  plot,  and  every  plot  had  abundant  water  in  the  fourth 
foot. 

Certainly,  death  of  plants  cannot  be  blamed  upon  lack  of  water  at 
soil  depths  greater  than  2  feet.  There  was  abundant  water  in  the  2-  to 
4- foot  layer,  even  at  the  close  of  summer.  More  likely,  death  was  due  to 
some  condition  in  the  top  two  feet  of  soil  (which  held  most  of  the  ab- 
sorbing roots)  during  the  spring  growing  period.  At  that  time  the  weeds 
were  in  their  most  active  growing  condition  and  it  can  be  assumed  that 
transpiration  rates  were  high  in  both  v/eerts  a.nd  planted  stock.   It  appears 
likely  that  toward  the  end  of  that  period  soil  water  became  scarce  in  the 
active  root  zone  and  competition  for  water  became  severe.  Although  many 
plants  did  not  die  until  much  later  in  the  year,  they  were  probably  so 
weakened  by  weed  competition  in  late  fjpring  that  they  were  unable  to 
survive  the  summer  drought. 

The  study  has  shown  that  under  conditions  of  summer  drought,  good 
survival  of  planted  stock  is  dependent  upon  removal  (at  least  during  the 
first  season)  of  competing  annual  grasses  and  herbs. 
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CONTROL  OF  SPROUTING  OF  TAWOAK  AND  MADRONE  STU?ffS-'' 

by 

G.  H.  Schubert 


In  part  of  the  high-site-quality  pine  and  fir  types  of  California, 
stand  improvement  cuttings  are  made  especially  difficult  by  the  sprouting 
habit  of  tanoak  (Lithocarpus  densiflora  Hook,  and  Am.)  and  madrone  (Arbutus 
menziesii  Pursh.).  The  stumps  of  these  species  sprout  so  vigorously  that 
release  of  the  favored  crop  trees  is  only  temporary.  How  to  control  this 
sprouting  on  areas  dedicated  to  production  of  conifers  was  the  object  of  a 
small  test  on  the  Challenge  Experimental  Forest. 

Treatment 


Ten  trees  of  each  species  were  felled  on  five  dates,  first  in  late 
June  1947,  then  in  July,  August,  and  October,  and  in  early  June j  1948, 
Stump  heights  were  12  inches  or  lower.   Stump  diameter  of  madrones  ranged 
from  3,6  inches  to  10.4  inches,  and  of  tanoaks  from  3.8  inches  to  11.9 
inches.   On  each  date  half  of  the  stumps  were  treated  with  2,4-D;  the  range 
of  diameters  was  about  equally  represented  in  treated  and  untreated  stumps. 

Treated  stumps  were  drenched  with  a  one  percent  water  solution  of 
the  isopropyl  ester'  of  2,4-D.   Stumps  smaller  than  6  inches  m  diameter 
received  %■   pint  of  solution;  those  larger  received  1  pint.   This  dosage  ^ 


purely  arbitrary,  gave  good  drenching  of  all  stumps, 
applied  immediately  after  the  tree  was  felled. 


The  solution  was 


1/  This  study  was  conducted  under  the  direction  of  Duncan  Dunning, 
in  charge  of  Forest  Management  Research. 


*  MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 

Agriculture --Berkeley 


Results 

Treatment  mth  2,4-D  prevented  sprouting  of  some  stumps  and  reduced 
the  number  of  sprouts  per  stump  on  the  others.   The  proportions  of  treated 
and  untreated  stumps  bearing  sprouts  were: 

Treated        Untreated 

Madrone  28  percent     96  percent 

Tanoak  64  percent     100  percent 

These  data  show  that  treatment  was  more  effective  on  madrone  than  on  tan- 
oak.   The  stumps  that  sprouted  bore  the  following  numbers  of  sprouts: 

Treated        Untreated 

Madrone  6  19 

Tanoak  19  45 

Treatment  thus  reduced  the  sprouting  capacity  of  the  stumps  if  the  stumps 
were  neb  completely  killed.   The  height  of  tallest  sprouts  was  not  appreci- 
ably different  betiAfeen  the  treated  and  untreated  stumps. 

Season  of  treatment  did  not  greatly  affect  control  of  sprouting. 
The  data  suggest  that  treatment  in  midsummer  may  be  best  to  prevent  sprouting 
of  madrone,  and  late  fall  or  early  spring  treatment  may  be  best  for  tanoak. 
However,  the  difference  in  control  between  the  species  for  one  season  or 
another  is  not  definitely  proven.   Obviously,  season  of  cutting  did  not  affect 
sprouting  of  the  untreated  stumps:  practically  all  sprouted. 

There  was  no  correlation  between  diameter  of  stump  and  lack  of  sprout 
ing  or  number  of  sprouts  per  stump.  This  lack  of  relationship  suggests  that 
tl-ie  two  levels  of  dosage  may  have  been  in  excess  of  the  amount  required. 

One  practical  application  of  these  results  is  as  a  follow-up  measure 
when  cutting  fuel  wood,   Madrone,  in  particular,  often  is  cut  for  campwood 
by  stand-by  fire  crews  or  other  crews.   ITiere  release  of  pines  is  possible 
cutting  for  fuel  wood  followed  by  this  simple  treatment  of  the  stumps  will 
result  m  stand  improvement. 


fa: 

Dot 
str 
cha 
str 


or, 

the 
lie 
siz 

tes' 


-2- 


U^i 


PO^ST  RESEARCH  NOTES 

U.S.DEPARTMENT  OF  AGRICULTURE 
FOREST  SERVICE 

CALIFORNIA  FOREST  AND  RANGE 
EXPERIMENT    STATION* 

STEPHEN  N.  WYCKOFF,      Direc+or 


t&M'u 


No.    75 


THE  UNlV&P.Sin  0^  1^^  -^-^'^ 


September  20,  1950 


FURTHER  EXPERIMENTS  IN  SEASONING  CALIFORNIA  BLACK  OAK 


By  H.  H.  Smith,  Forest  Products  Technologist 


The  forest  and  lumber  economy 
utilization  of  softwoods:  ponderosa  a 
fir,  and  several  other  species.   The 
utilized  to  only  a  limited  extent.   I 
has  increased  in  closer  utilization  o 
Most  hardwoods  season  less  easily  tha 
apparently  has  led  to  the  belief  that 
not  be  seasoned  without  prohibitive  d 
in  the  seasoning  of  California  black 
conclusion  is  not  correct,  for  this  s 
successfully. 


of  California  is  based  on  the 
nd  sugar  pines,  redwood,  Douglas- 
hardwoods  of  the  region  have  been 
n  recent  years,  however ^  interest 
f  the  more  promising  hardwoods, 
n  do  the  softwoods.   This  fact 

the  California  hardwoods  could 
rying  degrade.  Recent  research 
oak  has  shown  that  such  a  broad 
pecies  at  least  can  be  seasoned 


PREVIOUS  WORK 

The  first  seasoning  experiments  of  California  black  oak  by  the 
California  Forast  and  Range  Experiment  Station  were  completed  in  the 
fall  of  1948.—   Because  of  the  widespread  belief  that  this  oak  could 
not  be  seasoned,  the  test  material  was  sawed  into  3/4-inch  flooring 
strips,  3  inches  and  6  inches  viide.   There  appeared  to  be  a  reasonable 
chance  for  success  in  the  experimental  drying  of  these  thin,  narrow 
strips. 

The  flooring  strips  dried  readily,  without  drying  defects,  both 
on  the  air-drying  yard  and  in  the  dry  kiln  after  being  air  dried.   But 
these  results  had  limited  application.   They  only  suggested  that  drying 
might  succeed  with  thicker  stock.   Full  1-inch  lumber  is  the  thinnest 
size  usually  sawed  for  general  use,  so  some  work  on  stock  thicker  and 
wider  than  the  flooring  strips  seemed  desirable.   A  second  series  of 
tests  was  scheduled,  and  the  results  are  reported  here. 


l/  Reported  in  Forest  Research  Note  No.  62,  California  Forest 
and  Range  Experiment  Station,  8  pp.,  July  1949. 
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TEST  MATERIAL 

The    California   black    oak    for    this    series    of   seasoning   experiments 
was    cut    in  August    of    1949    in   an  area    30   miles   northeast    of   Oroville^    at 
an  elevation   of    2^500   to    3^000   feet.      Seven  trees   were    felled   and   bucked 
into    13   logs^    from   10   to    16   feet   m   length*      The    logs   were    delivered   by 
truck   to   a    local   m.ill   where    they  were    sawed   on   a    circular    head-saw  into 
4/4^    random,    width    lumber.      The    boards    were    edged^    but    end-trimmed    on   one 
end    only. 

PILING  FOR  AIR  DRYING 

The    gr'een   oak    lumber    was    delivered   to   the    Oroville    yard  of  the  High 
Sierra   Pine    Company  where    it   was    put   over    the    green    ^ham  for    grading 
and   tallying.      The    grader    was   unable    to    grade   by  the   National   Hardwood 
Lumber   Association   rules    for    inspection^    but    a   board  measure   was   made  and 
recorded.      This    measure    showed   a   total    of    4^200   board   feet    of    lumber    from 
the    7   trees    (13   logs)^   which   gives    an   average    of    600   board   feet    per    tree, 
01     323   board   feet   per    log. 

The    rough,    green   lumber   was    piled   in  unit   packages    for    air    drying, 
using   nine    1-    by   2-inch    stickers    per    course,      A   bottom,    or    foundation 
course    of   8/4  white    fir    was    laid   down  first    in   piling   each  unit   of   oak 
lumber.      This    precaution  was    believed   advisable    in   order    to  keep  the   oak 
as    flat    and    straight   as    possible. 

The    unit    packages    were   moved  with   a    fork-lift    truck   to    the    air 
drying   yard  where    they  were    stacked   three   high    on   good   pile    foundations. 
Cover    boards   were    placed   over   the   top   units   to   protect   the    lumber    from 
the    direct    sun. 

The    three    piles    of   oak    lumber   were   further    protected   by  piling 
units   of   pine    on  both   sides,    spacing   all  the    piles    12  to   18    inches   apart. 
The    space    between   adjacent    rows    of   piles   was    about   8    feet.      Thus,    sur- 
rounding  piles    of   pine    protected  the    oak   from   the   full   effects    of   the 
hot  winds    that    prevailed    in  the    area   during  the   time   the    lumber    was    on 
the    yard. 

(Greater   care    is    required   in   piling   hardwood   lumber    for    air    drying 
than  in   piling   softwood.      Nine    or    more    stickers    are    usually  required. 
A   diagram  showing   a   method   for    piling  unit    packages    of   hardwoods    and   a 
diagram  prepared   by  the    U.    S      Forest    Products    Laboratory  for'   hand-piling 
hardwood    lumber    on   the   yard   are   attached   to    this    report.) 

?ffiASURING  THE   RATE    OF   DRYING 

Sample    boards   were    pulled  while   the    lumber    was   moving    over   the 
green  chain.      These    samples   were    selected  to    represent   both   fast   drying 
and   slow   drying   boards    as   well   as    others   that    appeared   to    be    average    in 
all    respects . 
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Twelve  samples  weie  placed  m  the  units  of  lumber  on  the  yard 
in  spaces  or  pockets  provided  for  the  purpose.   Oven-dry  weights  of 
these  samples  ware  calculated  to  facilitate  periodic  moisture  content 
determinati  on.— 

The  samples  were  weighed  and  carefully  examined  periodically 
during  the  air  drying  period. 

Specially  prepared  wood  slivers^  approximately  l/8-inch  thick^ 
4  inches  wide  and  18  inches  long  were  placed  within  the  loads  of  lumber. 
A  measure  of  the  moisture  content  to  which  the  lumber  would  dry  within 
the  pile  was  obtained  by  weighing  these  samples. 

AIR  DRYING  RESULTS 

The  results  of  the  air  drying  can  be  stated  very  simply  without 
qualifying  and  limiting  explanation:  the  results  v;ere  excellent. 

Surface  checking  did  not  develop  as  expected  during  the  air  drying. 
No  good  explanation  is  readily  available,  for  there  were  many  wide^  flat- 
sawed  boards  that  might  be  expected  to  check  when  exposed  to  the  relatively 
severe  air  drying  conditions  that  prevailed. 

End  checking  was  moderate  to  slight,  far  less  than  expected. 
The  end  checking  in  the  oak  was  no  more  severe  than  m  adjacent  piles  of 
pine,  and  little  if  any  loss  would  result  from  end  trim  necessitated  by 
the  checking. 

During  the  total  drying  time  of  63  days  on  the  yard  (fig.  1), 
the  average  moisture  dropped  from  98.5  percent  (maximum  of  113  percent) 
to  17.3  percent  (maximum  of  26  percent).   The  usual  air -drying  time  for 
eastern  white  and  red  oak  is  70  to  240  days,  the  time  being  dependent 
on  the  season  of  the  year,  of  course.   For  the  eastern  oak  the  average 
moisture  loss  (based  on  the  shorter  drying  time)  is  approximately  1  per- 
cent per  day.   The  average  moisture  loss  for  the  California  black  oak 
was  more  than  1-g  percent  per  day.   Besides  drying  rapidly  as  compared 
to  the  rate  for  eastern  oak,  the  California  black  oak  dried  on  the  yard 
under  relatively  severe  drying  conditions  without  defects. 

;  -'-■■'■■   KILN  DRYING  RESULTS 

■  3/ 

After   preliminary  runs    in  a    small    experimental    dry  kilrw     to 

determine   what   temperatures    and   humidities    could  be   used,    the    bulk    of 
the    material   was    dried   in  a    commercial    steam-heated  kiln   of    conventional 
cross-circulation  design.  •  .■ 


_2/   "The   Use    of  Kiln  Samples    in   the    Operation   of  a    Lumber    Dry  Kiln," 
U.    S.    Forest   Products    Laboratory   report    R1607. 

3/  "Small  T3emountable-type   Lumber    Dry  Kiln  for    Experimental    Drying," 
U.    S.    Forest    Products    Laboratory   publication   R1671. 
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Kiln   Drying    of  Air -dried   Stock 

Previous   experience    indicated   that    stock   which   had    been   air    dried 
to   a    moisture    content    of    20   percent  or  less   could   be   kiln  dried  with   relative 
ease.      This    fact   was    further    substantiated   by   drying   experiments    in  both 
the    small   experimental   kiln  and   the    larger    commercial   kiln. 

Four-quarter,    random-width   stock    from  the   air-drying   yard   at   a 
moisture    content    of    21    percent   was    dried   to    a   final   moisture    content    of 
8    percent    m   the    small   experimental   kiln   in   7-^  days,    including    one    day 
of   conditioning  to    remove    drying   stresses    (fig.    2). 

Drying    defects    m  this   run  were   negligible.      There   was    no  checking, 
honeycomb,    or    collapse,    and   the    final    range    of   moisture    content   was    from 
7.2   to   9-4   percent.      The    lumber    was    stress-free    after    the   conditioning 
treatment . 

By  the   time    the    bulk    of    the    oak    lumber   was    loaded    into   the    commer'- 
ci al   kiln,    it   had   further    air    dried  to   a   moisture    content    of    17,3   percent. 

There   was    not    sufficient    lumber   to   make    up   a    full   kiln   charge,    so 
the    five   units    of   oak  were    dried   along  viith   units   of  6/4  sugar  pine,  using 
a   predetermined    schedule    calculated  to   be    reasonable    for    both  the    air=dried 
oak   and   the    green   pine.      Faster    drying   could   no   doubt    be    done    by  using   a 
more    severe    schedule,    and    judging   from  the    results    obtained   thus    far    m 
the   kiln   drying   of    previously  air-dried    stock,    equally   good    results    could 
be   expected. 

The    results    of   this    run  in  the    cormr^ercial   kiln  were    good    (fig.    3). 
There   was    no    loss    from  the    usual    drying    defects    (checks,    splits,    collapse, 
warp,    etc.).      The    lumber  was    fairly   stress-free    after    the    final   conditioning 
treatment.      Some    boards    in  this    charge   were   mis-cut,    being   considerably 
thicker   than  4/4.      These   thick    boards    naturally   dried   more    slowly  and   had 
a   higher  final  moisture    content.      In  these    boards   the    conditioning   treatment 
did   not   relieve   the    drying   stresses    completely.      More   uniform  drying   and 
more    uniform   relief   of    stress    can   be    expected   when  drying    lumber   that    is 
manufactured  to    a   more   uniform  thickness. 

Kiln  Drying   Green-f rom-the-saw 

One   attempt   to  kiln   dry  a   charge    of   this    4/4  California   black    oak 
green-f rom- the -saw  was    not    successful.      A   reasonably  mild   drying    schedule 
was   used   yet   very   poor    results   were    obtained,    indicating  that    in  kiln 
drying  California    black   oak   green-f rom-the-saw  a    very  mild    drying   schedule 
will   be    required.      Such   a    schedule   when  used    in  a   modern  kiln   capable    of 
accurate    control    of    drying   conditions   would   no   doubt   produce   well-dried 
lum.ber .      But    as    the    drying   time   would   be    increased,    such   an   operation 
would   be    less    attractive   than   a    combination   of   air    drying   following   by 
kiln   drying. 
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Drying  degrade  in  the  form  of  collapse  and  excessive  warping  devel- 
oped during  this  experimental  kiln  run  to  such  an  extent  that  m.uch  of  the 
lumiber  was  completely  spoiled.   These  unfavorable  results  indicate  that 
the  drying  temperature  is  of  considerable  importance  and  that  even  the  mild 
initial  kiln  temperatures  (120°  F)  weakened  the  wood  sufficiently  to  cause 
serious  warping  and  collapse.   Surface  checking,  on  the  other  hand,  was  not 
severe,  indicating  that  in  kiln  drying  similar  material  a  lower  temperature 
schedule,  mth  the  same  humidities,  might  be  expected  to  produce  better  re- 
sults . 

CONCLUSION 

The  first  experiments  in  the  air  drying  and  kiln  drying  of  California 
black  oak  showed  that  it  can  be  seasoned  readily  in  the  form  of  3/4-inch 
flooring  strips,  3  and  6  inches  wide.   Further  experiments  show  that  it  can 
also  be  seasoned  readily  as  full  1-inch  thick  boards  up  to  14  inches  wide. 
Though  thicker  sizes  can  no  doubt  be  seasoned  successfully  also,  there  appears 
to  be  little  need  to  do  so.   There  are  good  markets  for  large  quantities  of 
inch-thick  oak  lumber. 

These  experiments  show  that  California  black  oak  can  be  seasoned  by 
well  established,  conventional  methods,  and  that  seasoning  should  not  be  a 
limiting  or  retarding  factor  in  more  complete  utilization  of  this  species. 
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FOREST  PRODUCTS  LABORATORY 
INSTRUCTIONS  IN  FLAT  PILING  TO  TAKE  CARE  OF  VARIATIONS 
IN  LOCAL  CONDITIONS  AND  IN  SPECIES  AND  SIZES  OF  STOCK 

To  reduce  the  occurrence  of: 


Checking 


Warping 


Blue  stain  and  decay 


Note; 
A  relatively  slow  initial 
drying  rate  is  needed. 


1.  Use  wider  piles  or  a 
double-pile  on  a  common 
foundation. 

2.  Use  minimum  space  between 
piles  (2  feet). 


3.  Use  minimum  width  of  flues 
( 1  inch ) . 

h.  Pile  boards  edge  to  edge 
as  nearly  as  possible  in 
upper  part  of  pile. 

5.  Use  minimum  thickness  of 
stickers  (l/2  inch). 


6.  Use  wider  projecting 

stickers  in  front  and  rear 
of  pile. 


7.  Use  shields  around  pile 
to  protect  against  wind, 
rain,  and  sun. 


g.  In  drying  random  length 
lumber,  avoid  unprotected 
and  unsupported  overhang- 
ing ends  by  sorting  for 
length  or  by  box  piling. 

9=  Use  end  coatings. 


Note 


Note: 


Proper  support  and  freedom 


from  external  forces  are 
needed. 

lo  Place  stickers  in  exact 
alinement  over  good 
foundation  members. 

2.  Use  close  spacing  be- 
tween stickers,  such  as 
16  inches. 

3.  Use  stickers  of  uniform 
thickness. 


Fast  surface  drying  is 
needed  or  chemical 
treatment . 


1.  Reduce  width  of  pile. 


2.  Increase  v/idth  of 
flues . 


3.  Increase  space  be- 
tween piles. 


k-.  Avoid  big  variations  in  :k-.  Provide  6  feet  or 
board  thickness  in  any  :  more  between  rear 
one  layer.  :   end  of  piles. 


5.  Use  a  roof  that  provides 
good  protection  from  sun 
and  rain. 

6.  Provide  some  weight  on 
top  of  pile  to  hold  down 
top  layers. 


7.  In  drying  random  length 
lumber,  avoid  unprotect- 
ed ajid  unsupported  over- 
hanging ends  by  sorting 
for  length  or  by  box 
piling. 


5.  Keep  yard  clean  and 
avoid  blocking  air 
space  below  piles. 

6,  Use  a  chemical  dip 
(see  Forest  Products 
Laboratory  Technical 
Note  225). 
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RELATIVE  RATING  OF  FOBAGE  SPECIES  FOR  RESEEDING  FOREST 


RANGES  IN  NORTHEASTERI^  CALIFORNIA 


By  Donald  R.  Cornelius,  Range  Conservationistl,' 


1/ 


"What  to  plant?"  is  usually  the  first  question  to  be  asked  when 
artificial  reseeding  is  considered  for  the  improvement  of  deteriorated 
ranges   To  help  answer  the  question,  forage  plants  have  been  tested  by 
the  California  Forest  and  Range  Experiment  Station  on  the  Lassen,  Modoc, 
and  Plumas  National  Forests  since  19^60   This  paper  gives  relative 
ratings  of  L^G   species,  on  the  basis  of  their  performance  during  the 
first  3  years  of  testings   Twenty  of  these  species  are  native  to  the 
United  States;  26  are  introductions  from  foreign  countries,,   Twenty  of 
the  14.6  species  were  rated  good  or  better  for  the  ponderosa  pine  zone, 
but  only  3  fo^  the  Great  Basin  sagebrush  zone. 

For  these  tests,  nursery  row  seedings  were  made  in  each  of  the 
5  years  at  different  locations  in  the  Great  Basin  sagebrush  zone  at  an 
elevation  of  about  Ij.500  feet,  and  in  the  ponderosa  pine  zone  at  eleva- 
tions of  5600  to  7500  feet.   In  each  of  the  zones  the  sites  selected  for 
seeding  were  depleted  dry  range  areas  dominated  by  sagebrush.   The  re- 
sults are  not  applicable  to  wet  meadow  sites. 


1/  The  author  appreciates  the  cooperation  given  him  by  the 
Soil  Conservation  Service  Nursery  Division,  Pacific  Coast  Region,  for 
supplying  a  large  amount  of  the  seed  used  for  testing;  the  Bureau  of 
Plant  Industry,  Soils,,  and  Agricultural  Engineering,  and  the  Univer- 
sity of  California  Agricultural  Experiment  Station  for  some  seed  used; 
and  Mr,  J,  C.  Hays  and  Mr,  T,  So  Brown,  Farm  Advisors  of  the  University 
of  California  Extension  Service,  for  suggestions  regarding  species  to 
test » 
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The  experimental  areas  were  not  cultivated  after  seeding  but 
were  treated  in  the  same  way  as  large-scale  reseeding  projects,  in- 
cluding protection  from  livestock  grazing  for  at  least  2  years.   Each 
species  was  planted  in  a  separate  5-  by  20-feet  plot.   The  plots  were 
replicated  twice  and  randomized  at  each  of  the  site  locations.   Seed- 
bed preparation  included  plowing  with  one-way  wheatland  plow  in  the 
summer  to  eradicate  the  sagebrush,  and  light  discing  in  the  autumn  to 
smooth  the  seedbed  before  inarking  the  rows  for  hand  seeding.   A  six-row 
runner-type  marker,  constructed  of  2-  by  L|.-inch  boards  set  on  edge  and 
pulled  by  a  wheel  tractor,  was  used  for  making  rows  about  2  inches  deep 
and  2  inches  wide»   The  rows  were  spaced  20  inches  apart.   In  making 
the  rows,  the  runners  firmed  the  soil  in  the  bottom  of  the  rows--an  aid 
in  retaining  soil  moisture.   The  seed  was  scattered  in  the  rows  by  hand 
and  covered  by  a  single-disc  grain  drill  or  a  heavy  log  chain  dragged 
across  the  rows. 

Relative  ratings  from  1  (the  highest)  to  10  (the  lowest)  v/ere 
made  for  each  plot  toward  the  end  of  each  growing  season.   The  first- 
year  rating  was  on  density  of  stand  and  vigor »   Thereafter,  the  ratings 
also  considered  forage  and  seed  production.   The  relative  numerical 
ratings  were  averaged  and  assigned  adjective  ratings  for  use  in  this 
report. 

High  germination  and  strong  seedling  vigor  are  two  very  import- 
ant characteristics  for  species  used  in  reseeding  ranges.   Although 
some  native  plants  are  well  adapted  to  certain  sites,  they  might  not 
be  suitable  for  use  in  artificial  revegetation  if  germination  is  low 
and  seedlings  are  weak.   On  the  other  hand,  it  should  be  recognized 
that  such  ratings  as  these  give  an  advantage  to  species  which  produce 
forage  quickly.   Species  that  develop  slowly  and  persist  over  a  long 
period  of  time  may  give  the  highest  average  yield  of  forage,  but  are 
at  a  disadvantage  when  evaluated  at  the  end  of  3  years. 

A  better  appraisal  of  the  more  promising  species  will  be  made 
after  another  2  years.   Larger  plots  now  under  study  will  also 
strengthen  the  evaluation.   Then  too,  strains  oi'  the  better  species 
have  been  obtained  from  plant  breeders  or  selected  from  native  grass- 
lands and  are  nov;  under  test  in  range  plots.   Therefore,  the  ratings 
given  in  the  accompanying  taole  may  be  refined.   The  present  list,  how- 
ever, should  prove  helpful  to  range  managers  wanting  to  know  what 
species  to  seed;  it  represents  the  best  evaluation  available  from  per- 
formance in  the  nursery  rows. 
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ADAPTABILITY  OF  FORAGE  SPECIES 
for 
Reseeding  Ranges  in  Ponderosa  Pine  and  in 
Great  Basin  Sagebrush  Zones  of  Northeastern  California 


Ponderosa 

Great  Basin 

Native  (n) 

Species 

pine 

sagebrush 

or 

zone 

zone 

Introduced  (l) 

Grasses 

Agropyron  cristatum 

Good 

Good 

I 

"     dasystachyum 

Medium 

N 

"     elongatum 

Good 

Medium 

I 

"     inerme 

Good 

N 

"     intermedium 

Good 

Excellent 

I 

"     riparium 

Good 

Medium 

N 

"     smithii 

Poor 

Poor 

N 

"     spicatum 

Good 

N 

"     trachycaulum 

Good 

Medium 

N 

"     trichophorum 

Good 

I 

Agrostis  alba 

Poor 

Fai lure 

I 

"     alba  tenuis 

Medium 

I 

Alopecuriis  pratensis 

Good 

I 

Arrhenatherum  elatius 

Poor 

Failure 

I 

Bromus  ereotus 

Poor 

I 

"    inermis 

Good 

Poor 

I 

"    marginatus 

ifedium 

Poor 

N 

Dactylis  glomerata 

Good 

Poor 

I 

Elymus  canadensis 

Good 

Medium 

N 

"    glauGus 

Me  d  i  um 

Poor 

N 

**    junceus 

Poor  . 

Poor 

I 

"    triticoides 

Medium 

N 

Festuca  arundinacea 

Good 

Failure 

I 

"     idahoensis 

Poor 

Poor 

N 

"    ovina 

Medium 

I 

"    rubra  commutata 

Medium 

Poor 

I 

Hordeum  bulbosum 

Me  d  i  um 

Failure 

I 

Lolium  perenne 

Medium 

I 

Oryzopsis  hymenoides 

F'^ailure 

N 

Phalaris  arundinacea 

Medium 

N 

Phleum  pratense 

Good 

Failure 

I 

Poa  amp la 

Good 

iiedium 

W 

"   nevadensis 

Good 

Failure 

N 

Stipa  lemmoni 

Medium 

N 
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ADAPTABILITY  OF  FOPJiGE  SPECIES 
for 
Reseedmg  Ranges  in  Ponderosa  Pine  and  m 
Great  Basin  Sagebrush  Zones  of  Northeastern  California  (Cont.) 


Species 


Ponderosa 
pine 
zone 


Great  Basin 
sagebrush 
zone 


Native  (N) 
or 
Introduced  (l) 


Legumes 


Astragalus  cicer 

"      falcatus 
Lotus  americanus 
"    corniculatus 
"    u  1  i  g  i  no  s  u  s 
Lupinus  calcaratus 
Medicago  sativa-falcata 
Melilotus  officinalis 
Trifolium  hybridum 

"     involucratum 
"     repens  latum 


Good 

Medium 

Poor 

Failure 

Good 

Good 

Good 

Poor 

Poor 

Medium 

Good 

Poor 

Failure 

Medium 

Poor 

Failure 

I 
I 

N 
I 
I 
N 
I 
I 
I 
N 
I 


Browse 


Purshia  tridentata 


Poor 


Failure 


N 
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"Unit  Area  Control" — A  new  term  is  heard  by  California  foresters. 
It  is  based  upon  research  by  the  California  Forest  and  Range  Experiment 
Station.   Its  application  in  the  region  is  believed  to  offer  the  most 
realistic  approach  to  sustained  yield  forestr^^.   This  article  outlines 
the  si Ivi cultural  basis  of  unit  area  control  and  some  of  the  pertinent 
points  in  its  application. 

Unit  area  control  is  a  silvicultural  concept  in  which  the  essential 
characteristic  is  "detailed  control  of  stocking  on  small  areas."   The  basic 
idea  is  not  new.   In  some  localities  it  has  been  referred  to  as  forestry 
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by  the  acre.   Duncan  Dunning-/  selected  the  term  to  name  the  concept  when 
he  developed  its  application  to  California  foresto. 

"Unit  area"  and  "control" — the  two  parts  of  the  term — are  the  keys 
to  understanding  this  concept.   "Unit  area"  was  selected  because  silvicul- 
ture must  fit  stand  conditions  that  are  natural  units.   Forest  stands 
normally  break  down  into  homogeneous  stand  units,  or  unit  areas,  varying 
in  size  from  a  fraction  of  an  acre  to  many  acres..   Characteristics  comnionly 
determining  the  homogeneity  of  these  unit  areas  are:  Age  class,  species 
composition,  stocking,  and  presence  or  absence  of  seed  trees. 

"Control"  was  selected  because  it  most  aptly  describes  the  aim  of 
the  silvicultural  treatments  applied  to  the  unit  areas.   Control  of  the 
ground  by  a  desirable  or  valuable  tree  species  rather  than  by  brush  or 
inferior  tree  species  is  of  first  importance.   Also^  control  means  con- 
tinuously maintaining  adequate  stocking  of  a  desirable  species  growing  at 
a  rate  commensurate  with  the  site.   Silvicultural  treatm.ents  applied  at 
the  proper  time  are  the  means  by  which  the  forester  controls  the  stand. 


1/  Formerly  Divi-sion  Chief,  Division  of  Forest  Management  Research, 
California  Forest  and  Range  Experiment  Station,  now  retired. 


*  MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 

I    Agriculture — Berkeley 


Unit   area   control   is    in   sharp   contrast   to   the   ividely  used   forms 
of  tree    selection.       Silviculture    is    applied   according   to   the    needs    and 
condition   of    each  unit   area   of   the    stand   rather    than  tree   by  tree    accord- 
ing  to    generalized   rules.      A  tree    selection   system  of   cutting  may^    howe^r.erj 
be   appropriate    foi    some    unit    areas    of    some    species,    for    example,    m  an 
ail-age    condition  class    of   the    tolerant   v/hite    fir, 

Theie    is    a   definite   distinction   between  the    basic    concept    of   unit 
area   control   and    the    specific   techniques    or    treatments   used  for    specific 
Units.      Unit  area   control    as    a   term  was    first   used   in   connection  viith  a 
cutting  trial   in  the    sugar    pine -fir    type;    consequently,    many  foresters 
think   the   term  refers   merely  to  the   technique   used   in   sugar    pine   management, 
This    is    not   the    case.      Applying   silviculture    by  unit   areas    is    appropriate 
and    desirable   for    other    iTHior    types    as   v/ell.      So   far,    however,    techniques 
have   been   developed   only  for    pine    and   m.ixed-ccnifer    types    in  the    Sierra 
Nevada.      The    remainder    of   this    discussion   is   concerned  with  these   types. 

Basis    of   Unit  Area   Control 

Thirty  years    of    research   in  the    ponder osa   pine    and   mixed   conifer 
forests    of  the    Sierra   Nevada   have    shown  that   previous    methods    of   silvi- 
culture  were    not    providing   adequate    restocking   of   pine        Analysis    of 
records    indicated   a   new  approach  was    necessary.       From  this    work      procedures 
that   gave   most   pi  omise    of    success  were    formulated   by  Duncan  Dunning,      These 
procedures    are    techniques    for    applying  unit  area   control    in  the    ponderosa 
pine    and   mixea- conifer    forests.      Large-scale    trial   and    demonstration  of 
these    applications   ate   under    way  in   ponderosa    pine   at   the    Blacks   Mountain 
Experimental   Forest   and   in   sugar    pine-fir    at    the    Stani.^i':iu-    Expe  r  inie.nta  j 
Forest        At    both   placer,    small-scale    studies    are    being   carried   o.n  to   imple- 
ment  and   improve   the   application   of  unit   area   control.. 

In   managing  forest   stands    procedures   to   be    followed   depend   on 
(l)    objectives    of    the    land   manager,    (2)    silvical    characteristics    of  the 
species,,    (3)    condition   of   the    stand  when  treatment    starts^    and    (4)   treat- 
me.nt    required   to   obtain  the    desired   results. 

Objectives    of  Management  ' 

Yftiat   the    land   manager    wants    is    the    first   controlling  factor    in 
determining   vyh.at   is    done    to  the    forest.       The    land   manager   must    decide 
the    species    desired,    the   acceptable    degree    of    stocking      the    size   and  kind 
of   product   desired,    and   make    the    other    customary  managerial    decisions. 

In  the   ponderosa    pine    and   mixed- conifer    types    a   primary  objective 
of   land   managers    i.s    to    grow  large    size    sugar    or    ponderosa   pine    peeier 
logs    or    sawlogs.      If   sustained   production  with  a   growth   rate    commensurate 
with  the    site    capacity   is    desired,    conversion   of    the   unmanaged    stand   to   a 
regulated    stand- -a   forest  vnth  each   age    class   through   rotation  or    harvest- 
ing age,   uniformly   represented   and   adequately   stocked- -is    an  essential 
objective  . 


Silvical  Charo.cteristics 

Some  of  the  important  silvical  characteristics  of  sugar  and  pon- 
derosa  pine  that  affect  their  management  arc;   (l)  They  are  intolerant 
species  and  grow  bist  in  even-aged  groups.   (2)  They  prefer  bare  mineral 
soil  for  germination.   (3)  If  pine  starts  free  of  competition,  its  initial 
growth  is  rapid  and  usually  it  is  able  to  compote  successfully  with  fir, 
brush,  and  other  vegetation  that  may  subsequently  become  established. 

(4)  For  best  growth,  thinnings  and  cleanings  are  usually  necessary. 

(5)  California  ponderosa  and  sugar  pine  do  not  readily  establish  them- 
selves under  brush  and  white  fir.   (6)  Where  they  have  become  established 
under  brush  or  white  fir  they  do  not  develop  properly  unless  released  from 
this  competition.   (7)  Pine  seeds  are  the  preferred  food  of  numerous  ro- 
dents commonly  found  in  our  forests.   (8)  Pine  does  not  prune  itself  of 
branches  naturally  during  practical  rotation  periods. 

Site  quality,  through  its  effect  on  growth  rates,  has  an  important 
effect  on  acceptable  stocking,  length  of  rotations,  and  final  yield. 

C ondition  of  the  Stand — Condition  Class e s 

Ponderosa  pine  and  sugar  pine  stands  when  considered  by  large  areas 
are  all-aged:  hovever ,  when  the  forest  is  examined  closely  the  trees  are 
seen  to  occur  in  even-aged  groups,  usually  small  in  size  and  homogeneous 
in  respect  to  stockin;_,,  species,  etc.  Dunning  has  called  these  groups 
condition  classes. 

The  objects  of  a  clnssification  by  condition  classes  are:   (l)  To 
subdivide  the  forest  or  working  circle  into  natural  unit  areas  sufficiently 
small  and  homogeneous  for  practical,  uniform  treatments  (harvest  cutting, 
regeneration,  stand  ii'iproveraent,  etc.).   (2)  To  determine  (a)  which  unit 
areas  have  existing  stands  adequate  to  carry  as  growing  stock  and,  if  thoy 
do,  whether  or  not  they  should  be  subjected  to  an  improvement  cut,  and  (b) 
which  unit  areas  have  stands  that  should  be  clear  cut  and  the  unit  regen- 
erated,  (3)  To  provide  the  basis  for  the  cutting  plan,  cutting  budgets, 
allowable  cut,  and  other  treatments  for  a  working  plan  most  likely  to 
accomplish  stand  regulation  in  the  conversion  period. 

The  basis  for  a  condition  classification  is  the  naturally  occurring 
group  stand  structure.   Dominant  trees  are  used  as  indicators  in  condition 
classification  because  they  make  up  over  80  percent  of  the  stand  in  board- 
foot  volume  but  only  about  40  percent  of  the  stand  in  numbers  of  trees. 
The  criteria  for  recognizinj^  and  classifying  condition  classes  are  age, 
species,  degree  of  stocking  relative  to  the  stand  aimed  for  in  regulation, 
and--for  unit  areas  needing  regeneration — the  presence  or  absence  of  seed 
trees  and  the  presence  or  absence  of  brush  needing  eradication. 

The  age  classes  comiftonly  used  for  the  overstory  are r   (l)  01d--300 
years  plus--tree  Class  5  in  Dunning' s  tree  classification  system;  (2) 
mature--150  to  300  years — tree  Class  3;  (3)  ir.miature  —  75  to  150  years-- 
tree  Class  1.   The  age  or  size  classes  commonly  used  for  the  understory 
are:  (l)  Poles--4  to  12  inches  d.b.h.;  (2)  seedlings  and  saplings — trees 
under  4  inches  dob.h. 
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The  species  to  which  the  unit  area  is  to  be  primarily  designated 
is  "based  on  the  relative  number  of  dominants.   If  a  third  or  more  of  the 
dominants  are  sugar  pine,  the  species  for  the  unit  is  designated  as  sugar 
pine.   If  a  third  or  more  of  the  dominants  are  ponder osa  pine  but  less 
than  a  third  sugar  pine  the  species  for  the  unit  is  designated  ponderosa 
pine,  and  so  on  down  the  list  of  species  in  the  order  of  their  desirability. 
Although  this  species  designation  is  for  the  purpose  of  classifying  the 
unit  areas  at  the  time  of  inventory  or  treatment,  it  comm.only  indicates 
the  species  to  be  favored  on  the  particular  unit  area  for  the  conversion 
period.   With  favorable  conditions,  however,  the  forester  vdll  treat  some 
unit  areas  so  as  to  change  the  species  to  more  valuable  ones. 

Stocking  is  rated  as  adequate  or  inadequate  on  the  basis  of  a 
minimum  stocking  that  is  acceptable  to  the  land  manager.   On  experi- 
mental forests  in  the  better  sites  a  minimum  stocking  of  50  percent  of 
site  capacity  has  been  used. 

Seed  trees  are  rated  as  adequate  or  inadequate  for  old  or  mature 
unit  areas  without  adequate  advance  growth.   Seed  trees  should  be  around 
the  border  of  the  unit  area  to  be  regenerated.   The  number  and  size  re- 
quired varies  with  the  species. 

Brush  requiring  eradication  is  rated  as  present  or  absent  on  unit 
areas  needing  regeneration. 

Recognition  of  condition  classes  is  not  unduly  complicated  when  it 
is  viewed  in  terms  of  these  few  criteria.   For  any  specific  unit  area  the 
following  questions  should  be  answered:   (l)  llhat  is  the  age  class  of  the 
overstory?   (2)  VJhat  is  the  species  composition?   (3)  For  immature  and 
mature  age  classes,  is  the  stocking  acceptable  to  carry  as  a  reserve? 
(4)  Is  there  an  understory  present?   (5)  What  is  the  species  composition 
of  the  understory?   (6)  Is  the  stocking  of  the  understory  adequate?   (7) 
If  the  understory  is  inadequately  stocked  or  absent,  are  there  adequate 
seed  trees?   (8)  If  the  understory  is  inadequate  or  absent,  is  brush 
needing  eradication  present  or  absent? 

Unit  areas  of  the  different  condition  classes  vary  in  size  from  a 
fraction  of  an  acre  to  several  acres  in  size.   On  200  acres  used  in  the 
cutting  trial  of  sugar  pine-fir  on  the  Stanislaus  Experimental  Forest, 
the  average  size  of  condition-class  units  was  approximately  3/4  of  an 
acre.   Figure  1,  at  the  end  of  this  report,  is  a  map  of  6  acres  of  this 
area.   It  shows  some  of  the  commonly  found  classes  and  the  typical  vari- 
ation in  size.   Figure  2  shows  a  typical  profile  of  the  stand. 

Treatments 


In  the  application  of  unit  area  control,  each  unit  area  of  a 
specific  condition  class  is  given  its  appropriate  cutting  and  all  other 
necessary  treatments  at  the  proper  time.   The  immediate  objective  is  to 
keep  control  of  the  ground  with  trees.   As  previously  mentioned,  the 
long-time  objective  is  to  convert  the  forest  into  a  regulated  stand 
having  each  age  class  through  rotation  age  uniformly  represented  with 
adequate  stocking  and  proper  growing  conditions.   The  main  initial 
treatments  to  be  applied  are  as  follows: 
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Cutting  for  natural  restocking  is  carried  on  in  unit  areas  of 
old-age  condition  classes  with  inadequate  advance  growth,  with  suitable 
seed  trees  present,  and  during  a  year  of  a  good  seed  crop.   These  condi- 
tion class  units  are  clear  cut,  but  seed  trees  are  left  around  the  border 
of  each  unit.   Rodents  are  controlled  with  lethal  bait.   Brush  is  piled 
and  burneda   Competing  vegetation  is  eradicated,  and  the  bare  mineral 
soil  exposed  as  a  seedbed.   If  natural  regeneration  fails  the  unit  area 
is  planted  at  once  before  brush  and  other  vegetation  invades  it. 

Cutting  for  artificial  restocking  is  carried  out  in  the  unit  areas 
of  old-age  condition  classes  with  inadequate  advance  growth,  but  with 
suitable  seed  trees  absent  or  no  seed  crop  in  sight.   These  condition 
classes  are  clear  cut.   Slash  is  piled  and  burned.   Competing  vegetation 
is  eradicated.   The  areas  are  then  planted.   Because  of  the  infrequency 
of  good  seed  crops  a  high  proportion  of  the  old  condition  classes  may 
need  to  be  regenerated  by  artificial  means. 

Timing  is  especially  important  in  securing  either  natural  or 
artificial  reproduction.   Onoe  an  area  has  been  prepared  for  reproduction, 
it  should  be  restocked  at  once,  otherwise  brush  and  other  competing 
vegetation  will  invade  and  rapidly  take  control  of  the  ground.   Hence, 
it  is  vital  that  planting  stock  be  available  when  regeneration  cuts  are 
planned,  either  for  planting  the  entire  area  or  for  fill-in  planting 
where  natural  reproduction  fails. 

Cutting  for  release  is  carried  on  in  unit  areas  of  old-age  condi- 
tion classes  with  adequate  advance  growth.   The  overstory  is  clear  cut     ' 
to  release  yoiong  growth;  cutting  is  followed  up  with  pruning,  thinning, 
and  other  stand  improvement  measures. 

Improvement  cuts  are  made  in  young  but  merchantable  stands  (immature 
and  mature  age  classes).   The  occasional  old,  malformed,  or  defective 
trees  are  removed  to  improve  the  condition  of  the  stand. 

On  areas  dedicated  to  sugar  pine  management  ribes  eradication  also 
is  essential. 

Tlie  treatments  applied  to  some  typical  condition  classes  are  shown 
in  Figures  1  and  2. 

Application  of  Unit  Area  Control 

In  applying  unit  area  control  a  detailed  inventory  and  an  adequate 
management  plan  are  highly  desirable,  just  as  for  any  type  of  silvicul- 
tural  method.   The  inventory  can  be  made  on  a  sampling  basis  as  for  other 
methods.   A  map  is  not  essential.   Areas  of  condition  classes  can  be 
sampled  by  line  transects,  and  volumes  sampled  with  small  plots.   Unit 
area  control  treatments,  like  tree  selection,  can  be  applied  even  though 
an  inventory  and  adequate  plan  are  lacking.   Each  condition-class  unit 
can  be  marked  for  cutting  as  it  is  reached.   But  an  inventory  and  a  manage- 
ment plan  cannot  be  deferred  if  proper  progression  towards  a  regulated 
stand  is  to  be  accomplished. 
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Calculating  the  allowable  cut  and  preparing  the  cutting  plan  are 
simplified  with  an  inventory  by  condition  classes-  The  deficiencies  or 
excesses  in  the  different  age  classes  are  readily  shown.  The  condition 
classes  can  be  sorted  out  into  their  proper  place  in  the  cutting  plan  in 
order  to  provide  for  a  sustained  cut  and  progression  toward  a  regulated 
stand  o  Because  the  condition  classes  are  usually  even-aged.,  conventional 
yield   tables   can   be  used    for  growth  prediction. 

Short  cutting   cycles   are   desirable    in  order  to  maintain  proper  con- 
trol of   the  stand.      In  converting  virgin  old-growth   stands   to  a   regulated 
stand,    the   large  volume  of  overmature   trees  may  complicate   the   task  of 
keeping  the   first  cutting  cycle   relatively  short-      In  applying  unit  area 
control   the   length  of   the    first  cutting   cycle   can  be  kept  short  by  deferring 
the   cutting  of   some  of  the  more-thrifty  or  less-decadent  unit  areas  of  old- 
age   condition  classes.      It   should  be   remembered,    though,    that  when  release 
or   regeneration  cuts   of  old-age  condition  classes  are   deferred,    it   generally 
will  be  desirable  to   remove   the   few  trees   that  obviously  would   not   survive 
until   the   next  out. 

The  problems    of   logging  are  no  different  than   in  other   systems   of 
cutting.     Logs  must  be  efficiently  moved   to    the    landing   and  advance   growth 
and    reserve   trees  must  be  protected    from  excessive   logging  damage.     Advance 
plans   for  sals  areas  or  cutting  units   are  desirable   for  both   sllvicultural 
and   logging  consideratj.ons  with  any  system  of  cutting.     The   desirability, 
while  no   greater,    is   more   obvious   for   unit  area   controls    in  which  a  variety 
of  treatments  must  be   integrated. 

Conclusion 

Unit  area   control,    developed  by  Duncan  Dunning   for  application   to 
California  forests^    is   believed    bo   give   the  most  promise   for  successful 
management   of  these   forests.      It  is    a   dynamic,    grov/ing   process;    as   present 
trials   are  continued   and  new  trials   of    it    started,    techniques   and   proce- 
dures will  be  modified   and    3.mproved  upon.      Stripped   to    essentials,    unit 
area   control   is,    with  due   consideration  of   the   silvical   characteristics 
of   trees,    the   common   sense  application  of  silviculture   to   the  naturally 
occurring  unit  areas   of  the    forest   stand.. 
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RECENT   DIRECT   SEEDING  TRIALS   IN  THE   PINE   REGION 
OF  CALIFORNIA 

By  H.   A.    Fowells    and  G.   H.    Schubert 


Direct  seeding   is   a  highly  desirable  method   of   regeneration.     It 
is  more  economical   and  more   flexible   in  both   time    and    place    than  the 
planting   of  trees.      In  California,   however,    direct    seeding   generally 
has  been  an  ineffective  method   of  regeneration.      Early  trials   by  the 
Forest   Service-i/  with  broadcast   sowing  and   spot   sowing  invariably  failed 
to   produce   an   adequate    stand   of   reproduction,    primarily  because   forest 
rodents   destroyed  the    seed  or   seedlings.      Poisoning  and  trapping  had 
little   effect.      Protecting  seed   spots   with   screens  was   judged  to  be 
effective   but  not  economical.      More   recently,    direct   seeding,    both 
broadcast   and   spot   sowing,   has   been  tried   on  large   burns   in  a  gamble 
to   increase   the   area   reforested   beyond    that   possible   by  planting. 
Only  rarely  was  the    gamble    successful   and  the    circiamstances   attending 
the   success   are   not  known. 

Nevertheless,    interest   in  direct   seeding  has   not   diminished. 
A  number   of   experiments,    large   and    small,    have   been  conducted  in  the 
hope    that   some    device,    procedure,    or    condition  might   be   found  to  make 
the   practice  more    successful.      Nany  of  these   experiments  were    concerned 
directly  or   indirectly  with  the    problem    of   controlling     rodents,   the 
primary  obstacle   to   direct   seeding.      Others  were    concerned  with  seedbed 
condition   and  with  seed  treatment.      In   some   tests  the    relative   effective- 
ness  of  direct   seeding  and   of   planting  was   compared.      All   these   experiments 
were   tests    of   spot   sowing,   not  broadcast   sowing.      This   report   summarizes 
these   trials   for   those    persons   interested  in   direct   seeding  as   a  practical 
means   of  regeneration  and  for  those    interested  in  a  background  for  trials 
of   their   own. 


_l/  Show,    S.    B.      1930.      Forest  nursery  and   planting  practice  in  the 
California   pine   region.      U.S.D.A.    Circular   92,    75  pp. 


*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 

Agriculture — Berkeley 


Trials  of  Controlling  Rodents 

The  depredations  of  rodents  may  be  prevented  by  several  means: 
(l)  Reducing  or  removing  the  rodent  populations,  (2)  making  the  seed 
unattractive  to  rodents,  and  (3)  mechanically  protecting  the  seed  from 
rodents. 

Broadcast  Poisoning 

One  of  the  common  procedures  for  reducing  the  rodent  populations 
is  to  distribute  poison  baits  on  the  area  to  be  regenerated  and  on  a 
surrounding  buffer  strip  before  the  seed  is  sown.   Measured  in  terms  of 
the  success  of  the  seeding,  the  effectiveness  of  this  procedirre  has  been 
variable.   In  the  northern  Rocky  Mountain  region  Schopmeyer-V  and  Helmers 
concluded  that  broadcast  poisoning  with  thallium-treated  sunflower  seeds 
a  week  before  seeding  gave  good  rodent  control.   Results  in  some  other 
regions  have  not  been  so  promising."^   Two  tests  in  the  California  region 
did  not  result  in  satisfactory  rodent  control. 

One  of  these  tests  was  part  of  a  natural  regeneration  experiment 
on  the  Stanislaus  Experimental  Forest  in  1948.   The  poison  bait  used 
was  oat  groats  treated  at  the  rate  of  3  ounces  of  "1080"  (sodium  fluoro- 
acetate)  per  100  pounds  of  groats.   This  bait  was  distributed  in  July 
on  about  600  acres  at  the  rate  of  l/2  to  2/3  pounds  per  acre»   To  measure 
the  effectiveness  of  the  rodent  control,  400  screened  and  400  unscreened 
seed  spots,  each  with  5  seeds  per  spot,  were  put  out  in  the  fall  of  1948, 
In  September  1949,  38  percent  of  the  screened  spots  and  16.5  percent  of 
the  unscreened  spots  had  one  or  more  seedlings  per  spot.   Many  of  the 
unscreened  spots  and  some  of  the  screened  spots  were  disturbed  by  rodents. 

From  rodent  trapping  datai/  in  the  test  it  appears  that  the  rodent 
population  was  temporarily  reduced  but  built  up  during  the  fall  and  winter 
In  late  September  1948,  before  seedfall,  only  one  chipmunk  (Eutamias  sp.) 
was  caught  in  120  trap  nights.   In  June  1949,  35  acres  of  the  area  being 
regenerated  was  treated  with  5  pounds  of  poisoned  sugar  pine  seed.   Each 
seed  carried  about  12  milligrams  of  "1080",  an  extremely  toxic  dosage. 
Two  weeks  after  this  second  baiting  8  mice  (Peromyscus  sp . )  and  1  chip- 
munk were  caught  in  200  trap  nights. 


Zj   Schopmeyer,  C.  S.  and  A.  E.  Helmers.   1947,   Seeding  as  a 
means  of  reforestation  in  the  northern  Rocky  Mountain  region.   U.S.D.A. 
Circular  772,  31  pp.  illus, 

_3/  Huberman,  M.  A.   1940.  Experimental  direct  seeding  by  the 
Forest  Service.   Issued  by  Division  of  Forest  Management  Research,  U.  S, 
Forest  Service,  Washington,  D.  C.   57  pp.  processed. 

4/  These  observations  were  made  in  cooperation  with  Joseph  Keyes, 
U.  S,  F,i§h  and  Wildlife  Service,  and  Dr ,  E,  W,  Jameson,  University  of 
California . 
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The    other  test  was  made   in  the    Stanislaus  National   Forest   in  1934, 
Preparatory  to  a  planting  and  seeding  trial,   the   area  to  be    seeded  and  a 
surrounding  buffer    strip  were   treated  with   grain  carrying    strychnine. 
First-year  establishment    of   seedlings   indicates  that  the    rodent   control 
measures   were   not   sufficiently  effective.      The   percent    of   seed   spots  with 
one    or  more    seedlings  was : 

Spots  Spots 

Species  screened  unscreened 


Ponder osa  pine 
Sugar  pine 
White  fir 


51 
58 


Burning 

Burning   often  has   been   suggested   as   a  means   of   reducing   the   rodent 
population.      Although  burning  with   only  this   objective   has   not   been  tried, 
two   seed-spotting  trials   in  burns   indicate   the    possible   results.      A  very 
hot   fire    occurred  in  Anderson  Valley  on  the   Stanislaus  National  Forest   in 
late    July  1934.      That  fall    a  group   of    screened  and  unscreened  seed   spots 
were    put  in  the   burn.      Although  better   germination  and   survival   occurred 
on  the    screened  spots    (table    l),   regeneration  would  have   been  possible 
without  the    screen  protection.      The    rather  high  germination  and   survival 
rate   in  the   unscreened   spots    indicates   a   small   amount    of  disturbance   by 
rodents.      It   is   not  known  whether  the    light    disturbance    resulted  from  a 
reduced  population   of  rodents    or   from  the   heavy  seed   crop  present   on 
trees    surviving  the   fire^ — more  than  enough   seed  to    satisfy  the    appetite 
of   a  normal   rodent  population. 

Table    1 .--Germination  and   first-year    survival    of   screened   and 
unscreened    seed   spots    in  Anderson  Valley,    1935 


Species 


Protection 


Number 
spots 


Germination 


Survival 


Percentl/ Percent^/ 


Ponderosa  pine 
Sugar  pine 
Jeffrey  pine 
White   fir 


none 

1660 

83 

67 

screens 

340 

91 

83 

none 

160 

59 

44 

screens 

40 

85 

78 

none 

160 

82 

75 

screens 

40 

98 

90 

none 

160 

81 

59 

screens 

40 

95 

88 

1/   Percent    of    seed   spots   with   one    or  more    seedlings. 

-3- 


On  the    other  hand  fire   apparently  had   little   effect   on  rodents 
in  a  brushfield  planting  trial   at   Burney  Springs,   Lassen  National  Forest, 
in  1936e      In  the    fall  after  the   burn,    250   screened  and   250  unscreened 
spots,    vdth   10  -   15   seed  per    spot,    of  each  of   ponderosa  pine    and   Jeffrey 
pine  were    set   out.      Germination  and  first-year   survival   of  the  unscreened 
spots   was   relatively  low  compared  to  the    screened  spots    (table    2). 

Table    2.— -Germination  and   survival   in  screened  and  unscreened 
seed   spots   sown  at   Burney  Springs,    1936 


Germination  :  Survival 


Species  :  :  :  : 

•    Screened    ;   Unscreened    ;    Screened    ;  Unscreened 

Percentl/  Percent^ 

Ponderosa  pine  69  SI  59  15 

Jeffrey  pine  86  16  79  10 

l/  Percent  of   seed   spots   with   one    or  more    seedlings. 
Re  pe  Hants 

Attempts  to  prevent   rodent   damage   by  using  materials    supposedly 
possessing,  repellant   qualities  have   been  accompanied  with  varying  , 
success »-/      Toxic   agents   have  been   advocated   as   possible   repellants 
on  the  hypothesis  that   if   a  rodent   obtained  a   sub-lethal   dose ^    it 
might   subsequently  avoid  the    seed.      This   conjecture  has  not  been  sup- 
ported by  seeding  trials. 

In  the   Big   Springs   plantation  on  the   Lassen  National  Forest 
in  1935,    500   seed  spots    of   ponderosa  pine   and   of   Jeffrey  pine   were 
set    out  with  each   of  these   treatments:    (l)    Seed  not  coated^    spots  not 
screened;    (2)    seed  coated  with  a  mixture   containing   strychnine,    spots 
not    screened;   and    (3)    seeds   coated   and   spots   protected.      Germination 
in  the  unscreened   seed  spots,    with   seed  coated   or   uncoated^  was   less 
than  1   percent.      Germination  in  the   screened   seed   spots,    with  seeds 
coated  was:   ponderosa  pine    39   percent,    Jeffrey  pine    42   percent „ 

In   a   seeding  trial   at  Burgess   Springs,    Lassen  National  Forest j 
in  October   1935 ,    ponderosa  and   Jeffrey  pine    seed  was   planted  with  a 
corn  planter   at  the   rate    1  to    3  seeds   per    spot.      The    seeds  were    coated 
with  a  mixture    of   strychnine ,   plaster   of  Paris,   and  gum  arable.      Seedlings 
were   found   in  9 . 3  percent   of  the   ponderosa   spots,    about    29,000  in  niunber, 
and   9o8   percent   of   a   like   number    of    Jeffrey  pine    spots,      A  germination 
test   of  the   seeds   so  coated   showed  rates    of    50   percent   and   68   percent, 
respectively. 

5/  Hubermanj   M.   A.      op.    cit. 
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In  the    spring   of   1950,    on  the    Stanislaus  Experimental  Forest, 
stratified   sugar  pine    seed  was   coated  with   "1080"   carried  i.i  a  latex 
base   and  rolled  in  precipitated  chalk.      Five    coated   seeds   were    sown 
in  each   of   240  unscreened   spots.      Five   untreated   seeds   were    sown  in 
each   of  240  unscreened   spots   and   240   screened   spots.      Seedlings   ger- 
minated in  4  percent    of    the  treated,   unscreened   spots,    10  percent   of 
the   untreated,   unscreened,    and  80  percent    of   the   untreated,    screened 
spots.      Either  the   rodents    did  not   ingest   sufficient  toxic  material 
from,  the    seed   coats    or  the   rodent  population  was    large   enough  that 
rodent   losses    did  not   affect  the  extent   of  the    depredations.      Coating 
of  the    seed   did  not   affect  germination,    according  to  a   greenhouse   test 
in  v\iiich   64  percent    of   the   coated   seed  and  65  percent    of   the   uncoated 
seed  germinated. 

Pelleted    Seed 

Two   small  trials   were   made   with  ponderosa  pine    seed  enclosed  in 
0,   comiiiercial   pellet  material    containing  a   supposed  rodent   repellant. 
In   one   test  no   seed  germinated   out    of    several   hundred   seed  planted  in 
an   old   cut-over   area.      In  the    other  test   no    seed  germinated  in  20   spots 
with   5  pelleted   seed  per    spot  while    seedlings   were   found  in  65  percent 
of  another   20   spots    of   pelleted   seed  protected  by  screens. 

Mechanical   Protection 

From  the   foregoing  discussion  it   is    obvious   that,   except   in  the 
Anderson  Valley  trial,    success   in  seed   spotting  was    obtained   only  v^en 
the    spots   were   protected  by  screens.      Germination  and   survival   in  the 
screened   spots   was   consistently  higher  than  that  in  the   unscreened   spots, 
regardless    of   the   treatment   of   the    latter. 

Seedbed   Conditions 

Mineral    soil    or   the    ash-covered   surfaces   following   fire   appear 
about  equally  good   as   receptive    surfaces   for    direct   seeding.      In  a 
test   of    site   preparation  at   Burney  Springs  in  the    spring   of   1937,   900 
seed   spots    of  ponderosa  pine   and   of   Jeffrey  pine   were    set   out  in  each 
of  these    conditions:    (l)    Stripped  brush,    (2)    burned  brush,    and    (3) 
burned  and   stripped  brush.      Stratified   seed  was    sown  in  these    screened 
spots.      The    seedbed   condition,   either  mineral   soil,   ash,    or   a  mixture, 
had  no  appreciable    effect   on  the    germination,    judging   from  the   percent 
of    seed  spots   in  which   one    or  more    seedlings   germinated: 

Seedbed  conditions  Ponderosa  pine        Jeffrey  pine 

-   -   -  Percent   -   -   - 

Stripped  92  95 

Burned  89  92 

Burned  and   stripped  91  91 
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Survival  (one  or  more  seedlings  per  spot)  of  the  two  species 
combined,  at  the  end  of  the  second  year,  was  75,  81,  and  84  percent 
for  the  stripped,  burned,  and  burned  and  stripped,  respectively.   Inas- 
much as  competition  as  well  as  surface  condition  may  have  affected 
survival,  the  differences  in  survival  cannot  be  ascribed  to  surface 
condition. 

In  a  1940  test  of  seed  spotting  on  mineral  soil  and  on  conifer 
and  brush  litter,  germination,  based  on  the  total  nujnber  of  seedlings 
found,  was  as  follows: 

Species  Mineral  soil       Litter 

-  -  -  Percent  -  -  - 

Ponderosa  pine  53  28 

Sugar   pine  70  54 

Incense    cedar  32  21 

White  fir  21  18 

There   were    120  seed   spots,    with   15   seed  each,    of  each   species 
in  eacli   seedbed  condition.      The   difference   in  rate    of    germination 
between  conditions   is   statistically  significantc      Seedbed  condition 
had   little    effect   on  the    germination  rate    of  white    fir,    as   indicated 
by  a   statistically  significant    spe cie s -treatment   interaction. 

The    first-year   survival    of    sugar  pine    seed   spots    on  large   burned 
slash  piles  with  a  heavy  ash   layer   was    53  percent    (one    or  more    seedlings 
per   spot),    compared  to   59   percent    on   adjacent  mineral   soil.      These 
observations   were   ne.de    on   the    Stanislaus   Experimental   Forest   in   1950. 

Seed  Treatment 


Sowing   seed  in   spring  may  reduce   rodent   damage   because   the 
period   of  exposure    of  the   seed  to   rodents   is    shortened  appreciably. 
However,    sugar   pine    seed  must   be    strati,  led   if    sown   in  the    spring. 
Ponderosa   and   Jeffrey  pine    germinate  more   promptly  if  stratified  prior 
to   spring   sowings      Although  direct   comparisons    of  the   use    of    stratified 
and  unstratif ic d   seed  have   not   been  made,    some    of  the   results    of   seed- 
ing with  stratified  seed  may  be    of  interest.      In  the   Burney  Springs 
experiment   5,400   screened  seed  spots  were    sown  in  the    spring   of  1937 
with    stratified  ponderosa  and   Jeffrey  pine    seed^      Seedlings  were   found 
in  92  percent  of  the    spots «      In  the    same    plantation  seedlings   germ.inated 
in   "77  percent   of    500   screened   spots    sown  in  the   fall   of   1936   and   in  81 
percent    of    5,400   screened   spots    sown  in  the    fall    of   1937.      The    seed   in 
these   fall-sown  spots   was   not    stratified  prior   to    sowing. 

In  th::    spring  of   1950,    stratified  sugar   pine    seed  was   sown  in 
946   screened   spots    on  the    Stanislaus  Experimental  Forest.      At  the   end 
of  the    first   ;^,'ear   76  percent    of  the    spots  had   one    or  more    surviving 
seedl'i  ngs  . 
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JJuring  the    stratification  process,    seed   often  becomes  moldy»      In 
an  effort  to   prevent   the    development   of  the   moldH/    and  perhaps   increase 
germinations    sugar   pine    seed  was   dusted  with  an   organic  mercury  fungicide 
prior  to    stratif icationo       The   treatment   had  no   effect    on  germination. 
Seedlings   were    found    in   55   percent    of   the    spots   with   treated    seed   and  in 
58    percent   of   the    spots   with  untreated   seed.      Either   the   fungicide   was 
not   effective    or  the    specific  unidentified  molds   were   not   pathogenic   to 
su^ar   pine    seed. 

Re lati ve   Ef f e cti vene  s s    of   Seeding  and  Planting 


Se3d   spotting   has   been   about    as   effective    as   planting    vTien  the 
seed   spots   wore    protect:  d   from  rodents  ^    judging  from   second-year   survi- 
val  in  several   tests    (table    3).      In  the    spring   19-3?  test   at  the    Burney 
Springs   brushfiold   plantation,    survival    of   ponderosa   and   Jeffrey  pine 
screened   seed   spots    was    practicr.lly    as    high    as     the    survival    of   the 
planted   stock   (l-l   ponderosa   and    Jeffrey  pine)^      Survival    of  both   seed 
spots    and   planted  tress    was   very   lov\f   in  the    fall   test   in  the    same    plan- 
tatiorij    but    seed-spot    survival   was    equal   to   that    of   planted     stock. 
Survival   of    screened   spots   in  the   Anderson   burn  was    as   good  as   that  of 
planted    stock„      Even  unscreened   spots   had    satisfactory   survival    in  this 
burn  v^iore    rodent    damage   h-^.d    been  lowo      In   a  test   in  the    Stanislaus 
Experir:ental   Forest   in   1934,    screened  seed  spots    of   ponderosa  pine   were 
as   effectivs    as   planted    stock.      The    survival    of    sugar   pine    spots    was 
more   than  fivrj    tirues    greater   than  the    survival    of   the    planted   sugar  pine 
atookr      In  a  test   in   1941   the    proportion   of    screened  seed   spots    of    sugar 
pine    with   one    or  more    seedling  was    a   little  higher  than  the    survival 
percent    of  planted   1-1    sugar   pine    stock. 


_6/    Schubert   hs  s    observed  that    infection   of    seed  with   Cylindrocarpon 
spr,    caused  poorer   germination,,      Schubert,    Go    H=       1950,      Viability  losses 
of    sugar   pine    (Pinus    lambertia/ia ,    Dougl.)    seed    infected  with   certain  fungi 
H   So    thesis   filed   in   the    library   of  the    University   of   California. 


Table    3.  —  Second-year   survival    of   seed   spots   and  planted   stock 
in  certain  tests   where    comparisons   are   possible 


Locati  on ,    ye ar  , 
an:,    species 


Seed   spots 


Screened  :  Unscreened 


Planted 
stock 


Basis 


-   -  Percent 


Percent 


Burnay  Sprin£:s, 
1937,    spring,; 
Po?id~rosa  and 
Jeffrey  pine 


80 


86 


5,400    seed   spots 
5,400  planted  trees 


Bur?i"3r  Sprin^^s, 
1937^,    fall/' 
Pondorosa   and 
Joffr'iy  pine 


15 


15 


5,400   seed   spots 
5,400  planted  trees 


St-nislr.us,    1934; 
Pondsrosa  pine 
Su^ar   pine 


43 
46 


44 


2,725   seed   spots 
2,975  planted  trees 


Anderson  burn,    1934: 
Ponder OS a  pine 


76 


64 


74 


2,000   seed   spots 
2,400  planted  trees 


Starislaus,    1941; 
Sii;-;ar  'pine 


50 


41 


592  seed  spots 
592  planted  trees 


Summary  and  Discussion 

In  a   series    of    seed-spotting   tests   conducted   over   a   period   of 
years  5    depredations    of   forest   rodents  were   the    chief   obstacle   to 
successful   direct   seeding.      Screening    of  the    seed   spots  was   the    only 
consistently  effective  means   of  protecting  the    seed  from  rodents.    At 
present,   the  high  cost   of  fabrication  and  use    of   the    conical    screens 
used  in  the   tests   prohibits   their   general   adoption.      The    dome-shaped 
screens    designed  and   found   successful  by  Keyes   and   SmithZ/  are   much 
cheaper  to  produce   but  must  be   removed  no   later  than  the    second   year. 
Currently  an  inexpensive  ,   expendable    screen,— /  which  may  not   need  to 
be    removed,    is   being  tested  extensively  in  the   hope    that  this    screen 
will   make    direct    seeding   feasible.      A  current    study   of  the    habits    of 
forest   rodents    by  biologists    of   the   University  of   California  may  yield 
clues   leading  to  more   effective   use    of  poisons    or   repellants.      Until 
the    problem   of   protecting    seed  from  rodents    is    solvedj    direct    seeding 
cannot  be   recommended  as   a   practical  means    of  regeneration. 

Given  adequate    rodent   protection,   however,    seed   spotting  was 
found  to  be    a   satisfactory  method   of   regeneration,    compared  to  planting, 
on  burned   surfaces   and    on  mineral   surfaces  with  fall-sown  seed  or   spring- 
sown    stratified   seed. 


ij  Keyes,    Joseph  and  C.    F.    Smiths      1943.      Pine   seed-spot 
protection  with    screens    in   California.       Jour,    Forestry  41:    259-264. 


8/    Designed  by  Mr.    Joseph   Keyes 
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-  PRODUCTION  OF  LOGS  AND  BOLTS  FOR 

PLYWOOD,,    PULP„    CONTAINER  VENEER „   SHINGIES.    COOPERAGE.    POLES.   AND  PILING 

IN  CALIFORNIA.    1950 

By 

Richard  Ho  May,  Forester 
Division  of  Forest  Economics 

Early  in  1951,  as  part  of  a  nation-wide  survey  requested  by  the 
National  Production  Authority,  the  California  Forest  and  Range  Experiment 
Station  made  a  survey  of  the  equipment,  supplies,  and  manpower  require- 
ments of  the  wood-using  industries  in  California.  Supplementary  to  this 
survey,  data  were  obtained  on  the  1950  production  of  logs  and  bolts  for 
pulp,  container  veneer,  shingles  and  sawed  shakes,  cooperage,  and  poles 
and  piling.  These  production  data  have  considerable  value  as  independent 
statistics  and  are  here  presented  for  the  information  of  interested  in- 
dividuals and  agencies „ 

Since  only  fragmentary  information  on  production  of  the  plywood 
industry  was  obtained  in  the  equipment -manpower  survey,  the  plywood  log 
production  figures  included  here  were  estimated  from  statistics  on  peeler 
log  consumption  and  stocks  supplied  by  the  Bureau  of  the  Census,  Uo  So 
Department  of  Commerce,  and  from  other  data  of  local  origin. 

Sawlog  production  was  not  surveyed  by  the  Station  because  similar 
information  on  lumber  production  is  collected  and  published  annually  by 
the  Bureau  of  the  Census.  Census  figures  for  1950  show  a  total  lumber 
production  for  California  and  Nevada  of  4,263  million  board  feet. 

Mine  timber  production  is  omitted  from  this  paper  because  a 
separate  report  has  been  prepared  to  cover  the  wood  consumption  of  the 
mining  industry.   (Forest  Survey  Release  No.  15 ^  California  Forest  and 
Range  Experiment  Station.) 

2/  All  revisions  are  minor,  and  none  of  them  include  production 
figures. 


*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 


Information  presented  here  was  obtained  by  mailing  a  questionnaire 
to  all  known  veneer,  pulp,  and  shingle  mills^  and  to  concentration  yards 
and  preservation  plants  handling  poles  and  piling.  An  exception  was  made 
for  equipment -manpower  "sample"  plants,  where  the  enumerators  collected 
production  figures  while  obtaining  data  on  equipment;,  supplies,  and  man- 
power. After  some  follow-up  of  the  mail  canvass,  an  85  to  100  percent 
response  was  obtained  in  the  various  segments  of  the  industry,  thus  in- 
suring a  sound  basis  for  estimating  total  productiono 

The  output  of  miscellaneous  timber  products  in  California  in  1950; 
and  comparison  with  194-8  and  1946  are  shown  in  Table  1.  Tables  2  to  7 
present  the  data  by  tree  species  and  region  for  each  product,  poles  and 
piling  being  combined  in  the  last  table »  The  data  represent  logs  and 
bolts  cut  in  1950  for  conversion  into  products  during  that  year  or  for 
stock-piling  until  the  following  year,  and  are  shown  by  region  of  origin. 
For  this  report,  the  two  major  timber  regions  of  California  areo  the 
Redwood  region^  which  includes  the  north  coastal  portion  of  the  State, 
and  the  Pine  region,  which  embraces  the  rest  of  the  State. 


HIGHLIGHTS 

Logs  for  plywood  and  pulpwood,  little  of  which  was  produced  in 
1946;  are  now  an  important  segment  of  the  timber  industry  in  California. 
Production  of  plywood  logs  has  doubled,  and  pulpwood  production  has 
tripled  since  1948.  Increases  in  both  products  are  greater  in  the  Red- 
wood than  in  the  Pine  region.  Both  new  plants  and  increased  production 
in  existing  plants  are  responsible  for  the  additional  log  output. 

On  the  other  hand;  production  of  container  veneer  and  cooperage 
logs  and  bolts  has  decreased  since  1948,  The  decrease  in  veneer  is 
primarily  due  to  one  large  plant  ceasing  operations  in  1949.  That  in 
cooperage  continues  a  trend  observable  between  1946  and  1948,  and  is 
primarily  du©  to  competition  from  other  types  of  containers.  Shingle  and 
sawed  shake  bolt  production  was  less  in  1950  than  in  1946;  but  most  of  the 
decrease  has  taken  place  in  the  Pine  region;  for  production  in  the  Redwood 
region  has  dropped  only  slightly^  Pole  production  was  less  in  1950  than 
in  1946,  but  more  piling  was  produced  in  1950. 

Douglas-fir  was  the  leading  species  by  volume  for  all  but  two  of 
the  products  listed.  Most  of  the  Douglas-fir  came  from  the  Redwood 
region.  Of  the  two  exceptions,  redwood  was  the  leading  species  for 
shingles  and  sawed  shakes,  and  ponderosa  pine  for  poles.  Ponderosa  pine 
was  the  second  species  by  volume  for  plywood  logs,  veneer  logs,  and  piling. 
Redwood  was  also  used  to  some  extent  for  plywood,  pulp,  cooperage,  and 
piling. 
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Table  1.-  Production  of  logs  and  bolts  by  commodity 


and 

region,  Ci 

alifornia. 

1946,  1948. 

1950 

Commodity  and  region 

•             « 

I   Unit  I 

1946^/ 
Quantity 

0                  -                    o 

:   19482/  t 
:   Quantity  i 

1950 
Quantity 

s Percent 
t   change 
^948  to 
^   1950 

PLYWOOD^/ 

Redwood  region 
Pine  region 

M  bdeft. 
M  bd„ft, 
M  bd„ft„ 
M  bd„ft„ 

0 
15,462 

^36,680 
34,760 

93,445 
49,040 

+155 
+  41 

Total  both  regions 

15,462 

71,440 

142,485 

+  99 

PULPWOOD 

Redwood  region 
Pine  region 

0 

2,241 

9,700 
6,227 

38,685 
10,155 

+299 
+  63 

Total  both  regions 

2,241 

15,927 

48,840 

+207 

CONTAINER  VENEER 
Redwood  region 
Pine  region 

15,730 
17,075 

^/l4, 140 
17,610 

14,180 
3,725 

+  0 
-  79 

Total  both  regions 

32,805 

31,750 

17,905 

-  44 

SHINGLE  &  SAWED  SHAKE 
Redwood  region 
Pine  region 

13,590 
3,720 

no  survey- 
no  survey 

13,550 
1,290 

— 

Total  both  regions 

17o310 

14,840 

COOPERAGE 

Redwood  region 
(none  in  Pine  region 


M  bd,ft 


11,306 


7,256 


5,275 


-  27 


POLES 

Both  regions 


Pieces 


21,690       no  survey         12,325 


PILING 

Both  regions 


Lin.  ft. 


172,460   no  survey   547,950 


1/  From  Forest  Survey  Release  No.  6,  California  Forest  and  Range 
Experiment  Station. 

2/  From  Forest  Research  Note  No.  63,  California  Forest  and  Range 
Experiment  Station. 

2/     Compiled  from  consumption  and  stocks  data  provided  by  Bureau 
of  the  Census,  U.  S.  Dept.  of  Commerce,  and  from  Station  records. 

4/  Production  of  one  mill  peeling  green  veneer  for  plywood  plants, 
which  was  included  with  veneer  data  in  Forest  Research  Note  No„  63,  is 
here  shifted  to  plywood. 
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Table  2„-  Estimated  plywood  log  production^/ 
by  species  and  region^ 
California  -  1950 


i      Redwood   ;; 
I        region   i 

Pine     : 
region  i 

Both 

regions 

Species 

Volume 

0       Percent 

Douglas-fir 
Ponderos^  pine 
Others-/ 

M  bd.ft. 

88,265 
0 

5,180 

M  bd„ft„ 

2,750 

39,545 

6,745 

M  bd.ft. 

91,015 
39,545 
11,925 

64 
28 

8 

All  species 

93,445 

49,040 

142,485 

100 

Number  of  plants 


13 


1/  Computed  from  log  consumption  and  stocks  data,  provided  by 
Bureau  of  the  Census,  U.  So  Dept,  of  Commerce,  with  adjustments  based  on 
local  information,. 

2/  Primarily  redwood  and  true  firs. 


Table 

3o-  Pulp  log  and  bolt  production^/ 
by  species  and  region, 
California  -  1950 

° 

Redwood   . 
region  i 

Pine 
region 

o 

Both 

regions 

Species 

- 

Volume 

Percent 

Douglas-fir 
Redwood 
True  firs 
Eucalyptus 
Monterey  pine 

M  bd.ft, 

26,445 

12,240 

0 

0 

0 

M  bd.ft. 

0 

^/7,340 

1,855 

960 

' 

M  bd,fto 

26,445 

12,240 

7,340 

1,855 

960 

54 

25 

15 

4 

2 

All  species 

38,685 

10,155 

48,840 

100 

Number  of  plants 

(i/) 

(i/) 

2/3 

- 

1/  Pulpwood  measured  in  cords  converted  to  M  bd.  fto  on  the  basis 
of  1  cord  =  500  bd.  ft.;  e.g.,   48,840  M  bd„  ft.  =  97,680  cords. 
2/  Includes  a  very  small  amount  of  ponderosa  pine„ 
2/    Plants  not  allocated  to  regions  because  one  plant  obtained  logs 
from  both  regions . 


-4- 


Tab le  4 o -  Container  veneer  log  production 
by  species  and  region, 
California  -  1950 


I       Redwood 
I          rdgion 

Pine 
region 

I            Both 

regions 

Species 

I     Volume 

:      Percent 

Douglas-fir 
Ponderosa  pine 
Sitka  spruce 

M  bd.ft„ 

13,560 

0 

620 

M  bd„ft„ 

0 

3,725 
0 

M  bd„ft. 

13,560 

3,725 

620 

76 

21 

3 

All  species 

L4,1S0 

3,725 

17,905 

100 

Number  of  plants 


8 


Tab  le  5 « -  Estimated  production  of  bolts  for  shingles  and  sawed  shakes^ 


by  species 

and  region. 

California  -  1950 

- 

Redwood 
region 

:          Pine 
c    region 

:            Both  regions 

Spec  ids      i 

:     Volume  :      Percent 

Redwood 
Bigtree 
Sugar  pine 

M  bd.ft. 

-A3, 550 
0 
0 

M  bd.ft. 

0 
860 
430 

M  bd.ft. 

13,550     91 
860      6 
430      3 

All  species 

13,550 

1,290 

^14,840     100 

Number  of  plants 

42 

U 

56 

1/  Shingle  and  shake  bolts  measured  in  cords  were  converted  to 
M  bd„  ft.  on  the  basis  of  1  cord  =  715  bd,  ft.;  e.g.  14,840  M  bd„  ft.  = 
20,760  cords o 

2/  Del  Norte  and  Humboldt  Counties  produced  10,300  M  bd.  ft  and 
Mendocino  and  coastal  counties  to  the  south  produced  3,250  M  bd.  ft. 

i/  Of  this  total,  12,890  M  bd.  ft.  were  reported  by  46  mills,  the 
balance  being  the  estimated  production  of  10  non-reporting  mills  known  or 
believed  to  have  been  active. 
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Tab le  6 . -  Cooperage  log  production  by  species  and  region. 

California  -  1950 


Redwood  region 


Species 


Volume 


Percent 


Douglas -fir 
Sitka  spruce 
Redwood 
Grand  fir 

All  species 


M  bd.ft 

3,755 

1,160 

200 

160 


71 

22 

4 

3 


5,275 


100 


Number  of  plants 


i/i 


1/  Permission  to  publish  these  statistics  has 
been  granted  by  the  producer. 


Table  7o-  Estimated  production  of  poles  and  piling-^ 


by 

region  and 
alifornia  - 

specieso 
-  19^0 

o 

Species 

^ 

Poles                "o 

Pil 

ing 

Region            s 

Pieces      i 

Cu.ft,    i 

Lin.ft„ 

s      Cu.ft. 

Redwood  region 

Douglas-fir 
Redwood 

280 

4,355 

219,560 
107, 800 

148,230 
84,625 

Subtotal 

280 

4,355 

327,360 

232,855 

Pine  region 

Ponder osa  pine 
Douglas-fir 

7,035 
5,010 

108,740 
77,425 

168,410 

91,845 

Subtotal 

12,045 

I860 165 

168,410 

91,845 

Undetermined 

Eucalyptus 

_ 

52,180 

32,675 

Both  regions 

Douglas-fir 
Ponder osa  pine 
Redwood 
Eucalyptus 

5,290 
7,035 

81,780 
108,740 

219,560 

168,410 

107,800 

52,180 

148,230 
91,845 
84,625 
32,675 

All  species 

12,325 

190,520 

547,950 

357,375 

1/    One  of  the  smaller  concentration  yards  of  a  total  of  six  obtaiii|j 
ing  poles  and  piling  from  California  failed  to  report   its  volume.     This  ha 
been  estimated  for  inclusion  in  this  table „ 
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INDUCiifG  EARLY  PRODUCTION  OF  PINE  POLLEN 
By  N.  T.  Mirov 


In  order  to  shorten  the  time  required  in  producing  new  hybrids 
of  pines  it  is  necessary  to  have  both  male  and  female  flowers  as  early 
in  the  life  of  the  tree  as  possible o   This  paper  describes  experiments 
seeking  to  induce  the  formation  of  male  flowers.   It  was  reasoned  that 
if  young  seedlings  were  grafted  on  a  mature  tree  that  produces  flowers 
in  abundance,  the  seedlings  might  produce  flowers,  too.   Early  flowering, 
it  was  thought,  may  be  caused  by  the  transfer  of  a  flowering  hormone 
across  the  graft  and  by  the  existence  of  a  proper  nutritional  balance 
between  carbohydrates  and  nitrogen  in  the  mature  tree. 

From  previous  experience-^/  it  was  known  that  within  two  large 
subdivisions  of  the  genus,  the  hard  pines  and  the  white  pines,  inter- 
grafting  can  be  done  without  any  difficulty.   The  seedlings  to  be  grafted 
were  transplanted  into  gallon  cans  in  the  fall.  The  following  spring 
they  were  grafted  by  inarching  to  a  mature  ponderosa  pine,  prolific  in 
its  production  of  pollen  and  conelets.  Five  transplants  of  each  species 
were  kept  in  gallon  cans  in  the  lathhouse  as  controls. 


l/  No  T.  Mirov.   1940.   Tested  methods  of  grafting  pines. 
Journal  of  Forestry  38(lO)s  768-777c 


MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA 


The  inarched  seedlings  were  left  in  the  cans  for  one  month. 
After  that  period  the  grafting  union  was  firm  enough  to  permit  clipping 
the  seedling  roots  offo  The  shock  of  grafting  was  considerable.  During 
the  first  summer  the  grafted  seedlings  just  held  their  own,  but  next 
summer  much  growth  took  place,  and  the  wounds  completely  healed  and 
calloused.  Flowering  started  at  the  beginning  of  the  third  growing 
season,  i.  e.,  about  2  years  after  the  seedlings  were  grafted  (figo  l). 
None  of  the  controls  produced  flowers  in  this  period. 

A  few  individuals  among  the  trees  planted  at  the  Institute  of 
Torest  Genetics^  have  produced  pollen  at  2  to  4  years  of  age;  but  as 
a  general  rule  for  the  species  used  in  this  test,  7  years  or  more  have 
been  required  for  pollen  production.   Besides  inducing  early  flowering, 
the  grafting  technique  makes  collection  of  experimental  material  more 
certain  and  convenient. 

The  following  pine  seedlings  grafted  on  the  mature  ponderosa  pine 
were  caused  to  flowers 

1.  P.  Torreyana  Parry  (Torrey  pine) 

2.  p.  contorta  var.  latifolia  Engelm.  (lodgepole  pine) 

3.  p.  sabiniana  DougTT  (Digger  pine) 

4.  P.  ponderosa  Laws.   (ponderosa  pine) 

5.  Hybrid  between  P.  jeffreyi  Grev.  and  Balf.,  and 

P.  coulteri  D.  Don. 

Grafted  slash  pine  (P.  caribaea  Morelet)  seedlings  did  not  produce  pollen 
during  the  2  years.  ~No  female  flowers  (conelets)  have  been  produced  on 
the  grafted  seedlings,  probably  because  the  seedlings  were  grafted  to 
the  lower  part  of  the  crown,  which  was  producing  an  abundance  of  male 
flowers,  while  the  upper  crown,  as  usual,  produced  female  flowers 
(conelets).   It  is  possible  that  the  grafted  seedlings  received  only 
a  male  flowering  hormone.  At  present,  experiments  are  being  conducted 
at  the  Institute  of  Porest  Genetics  on  inducement  of  female  flowers. 


2/  A  field  branch  of  the  California  Forest  and  Range  Experiment 
Station  located  near  Placerville,  California. 
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Figure  1» -Grafting  pine  seedlings  on  a  mature  tree  induces 
production  of  pollen  and  thus   speeds  tree-breeding  work.     Catkins 
are  shown  aboTe  on  seedlings  of:   A,  Pinus  contorta  var.latifolia; 
B,  P,   sabinianai   C,  P.  torreyana;    D,  P.   Jeffrey!  x  P^.   Coulteri 
hjrbridj   all  grafted  on  mature  ponderosa  pine. 


study  Area  and  Objectives 

The  timber  stands  of  the  study  area,  situated  about  30  miles  east 
of  Sonora,  are  typical  of  the  high  site-quality  sugar  pine-fir  type  of 
the  western  slopes  of  the  Sierra  Nevada.   Elevation  of  the  study  area  is 
from  6^000  to  6,500  feet,  near  the  upper  elevational  limit  of  sugar  pine 
in  central  California.   The  terrain  is  characterized  by  gentle  to  steep 
slopes^  scattered  benches,  small  feeder  streams,  and  rocky  ridges.   Except 
for  the  tops  and  upper  slopes  of  rocky  ridges,  all  the  land  is  Site  A-200 
or  Site  1-175  (Region  5,  7orest  Service,  site  classes  based  on  the  height- 
age  relation  of  dominant  trees). 

The  merchantable  volume  (stand  over  11.6  inches  d.b.h.)  was  approxi- 
mately 44  percent  sugar  pine,  39  percent  white  and  red  fir,  13  percent 
California  incense-cedar  (Libocedrus  decurrens  Endl.),  and  4  percent 
Jeffrey  pine  (^Pmus  jeff reyi  Grev.  and  Balf ,  ).   The  main  brush  species 
present  v^ere   manzanita  (Arctostaphylos  patula  Greene),  whitethorn  or  snow- 
brush  (Ceanothus  cordulatus  Kell.),  deerbrush  (Ceanothus  integerrimus 
Hack  and  ArnTTl  ^and  chinquapin  (Castanopsis  sempervirens  Dudley) . 

Of  the  200  acres  logged,  58  acres  or  aporoximately  30  percent, 
were  treated  as  regeneration  areas.   These  unit  areas,  where  silvicultural 
treatments  were  aimed  at  securing  sugar  pine  reproduction,  varied  in  size 
from  one-fifth  to  3  acres.   Some  were  clear-cut  with  seed  trees  left 
around  the  border  for  natural  reproduction.   The  others  were  clear-cut 
for  geeding  and  planting.   The  cut  on  these  unit  areas  was  88,000  board 
feeti/  per  acre,  resulting  in  large  accumulations  of  slash.   Slash  dis- 
posal and  site  preparation  were  done  on  the  regeneration  areas. 

On  the  unit  areas  cut  by  other  methods  (group  release  and  improve- 
ment) the  original  stand  v;as  75,000  board  feet  per  acre,  of  which  29,000 
feet  were  cut.   The  resultant  slash  was  not  too  great  a  fire  hazard 
because  the  bare  regeneration  areas  and  skid  trails  served  as  effective 
firebreaks*   Consequently  the  slash  was  not  piledo 

The  objectives  of  slash  disposal  and  site  preparation  were 
threefold: 

1.  To  clear  logging  debris,  brush,  and  unwanted  trees  from 
regeneration  areas  to  facilitate  seeding  and  planting. 

2.  To  disturb  the  ground  and  expose  mineral  soil,  thus  providing 
a  seedbed  for  sugar  pine. 

3.  To  reduce  the  fire  hazard  due  to  large  accumulations  of  slash. 


5/   Stand  above  11.6  inches  d.b.h.  gross  volume  Scribner  Decimal  C 
Log  Rule. 
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After  the  logs  were  yarded  from  a  regeneration  area,  the  s,lash  was 
piled  and  the  mineral  soil  exposed  in  one  operation.   Plot  data-V  indicate 
that  given  an  even  start  sugar  pine  can  compete  successfully  with  both 
fir  and  brush.   But  if  establishment  of  the  pine  is  delayed;,  brush  will 
invade  the  ground  cleared  by  cutting  and  will  prevent  subsequent  establish- 
ment of  pine  unless  costly  eradication  of  brush  is  carried  out.   Eradicat- 
ing well-established,  vigorously  growing  brush  is  much  more  difficult  than 
eradicating  the  less-vigorous  brush  occupying  only  part  of  the  area  im- 
mediately after  logging.   Thus  the  timing  of  this  operation  was  important. 
The  site  had  to  be  prepared  by  September  on  areas  that  were  to  be  regen- 
erated naturally  after  seedfall.   On  artificial- regeneration  areas  the 
site  had  to  be  readied  and  planted  as  soon  after  logging  as  possible  so 
that  brush  or  inferior  tree  species  would  not  take  control  of  the  area. 
Also,  to  reduce  the  fire  hazard  and  to  put  all  the  land  back  into  a 
productive  state,  the  slash  piles  had  to  be  burned  as  soon  as  possible. 

Equipment  and  Technique 

In  1948j  two  tractors,  one  of  80  hp.  and  one  of  130  hp. ,  with 
cable-controlled  angledozer  blades  were  used  at  different  times  to  pile 
slash.   In  1949  only  the  80  hp.  tractor  was  used.   A  43  hp.  tractor  was 
tried,  using  a  cable-controlled  angledozer  equipped  with  brush-pilin^, 
teeth  designed  by  Region  6,  U.  S.  Porest  Service.   These  teeth  were 
constructed  so  the  dozer  blade  could  be  floated,  that  is,  freed  from 
cable  support,  part  of  the  time  a  load  was  being  pushedo   Thus  most  of 
the  disturbed  soil  could  pass  between  the  teeth  and  not  be  picked  up  in 
the  load  of  slash.   In  practice,  however,  many  root  crowns  of  brush  and 
saplings  also  passed  between  the  teeth,  so  the  brush  eradication  was  not 
as  effective  as  desired.   Also,  the  43  hp.  tractor  proved  too  small  and 
unstable  for  the  task,  and  it  was  soon  abandoned  in  favor  of  the  80  hp. 
tractor. 

The  most  satisfactory  working  team  consisted  of  a  job  supervisor, 
a  cat  skinner,  and  swamper.   The  supervisor  examined  regeneration  areas 
before  work  began  on  them  and  organized  the  work  plan  byj 

1.  Establishing  the  best  boundaries  of  the  area  to  be  cleared  for 
regeneration; 

2.  Establishing  locations  for  piles  or  windrows  of  slash;  and 

3.  Marking  good  patches  of  sugar  pine  seedlings  or  saplings  that 
were  to  be  saved.   Instructions  were  given  to  the  cat  skinner  and  swamper 
in  considerable  detail.   After  the  crew  was  trained  the  supervisor  spent 
only  an  average  of  2  hours  a  day  laying  out  the  areas  and  inspecting  them 
as  clearing  was  completed. 


6/  Powells,  H.  A.   1944.   Site  preparation  as  an  aid  to  sugar  pine 
regeneration.   California  Forest  and  Range  Experiment  Station.   Forest 
Research  Note  No,  41.   5  p.   Berkeley^  Calif. 
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The  cat  skinner  and  swamper  were  normally  part  of  the  yarding 
crew  in  1949c   Their  yarding  assignment  was  to  ground-skid  logs  from 
patches  of  reproduction  and  bunch  the  logs  in  openings  so  that  a  -tractor 
and  arch  unit  would  not  have  to  be  operated  in  the  reproduction. -i/  The 
clearing  operation  was  balanced  with  the  yarding  work  so  one  crew  could 
do  both  jobs  satisfactorily.   Using  a  two-man  crew  for  the  clearing 
operation  alone.,  as  was  done  in  1948,  proved  inefficient  for  this  55,000- 
to  60,000-board  feet  per  day  logging  operation. 

Clearing  was  begun  as  soon  as  a  few  adjoining  regeneration  areas 
were  logged,  and  was  completed  before  the  time  of  seedfall  in  1948.   In 
1949  the  sugar  pine  seed  crop  failed,  so  clearing  was  completed  by  the 
end  of  the  logging  season  to  make  the  area  ready  for  seeding  and  planting. 

Besi'  os  the  slash  created  by  an  average  cut  of  88,000  board 
feet  per  ajr-^j  the  cull  logs,  windfalls,  high  brush,  litter,  and  scattered 
reproduction  were  moved  into  the  piles  in  1948.   Chokers  were  set  on  some 
cull  logs  and  other  material  to  help  move  them  to  the  piles.   The  dozer 
blade  was  run  over  the  regeneration  area  so  that  the  mineral  soil  was 
everywhere  exposed  as  a  seedbed. 

Since  the  sugar  pine  seed  crop  failed  in  1949,  the  clearing  that 
year  was  designed  merely  to  facilitate  planting  and  to  reduce  the  fire 
hazard.   Some  large  windfalls  and  cull  logs  were  left  unpiled.   Moving 
them  required  much  time  and  power,  and  it  was  obvious  that  most  sizes 
encountered  would  not  interfere  with  the  6-  by  6-foot  spacing  of  seed- 
lings.  No  special  attempt  was  made  to  expose  the  mineral  soil;  yet  in 
the  process  of  rooting  out  brush  and  piling  slash,  the  bulldozer  exposed 
the  soil  on  nearly  all  of  the  area.   As  a  result  the  site  was  considered 
sufficiently  prepared  to  act  as  a  seedbed  for  natural  regeneration  the 
second  year^  too. 

Slash  piles  were  located  on  stump  concentrations  whenever  possible. 
On  some  of  the  larger  regeneration  areas  having  steep  slopes,  slash  was 
piled  in  windrov«/s  along  contours.   Some  unburned  slash  and  a  terrace  of 
soil  remained  in  the  windrows  after  the  burn  and  served  to  check  erosion. 
All  slash  piles  and  windrows  were  located  so  as  to  eliminate  the  possi- 
bility of  scorching  reserve  timber  when  the  slash  was  burned.   All  piles 
in  the  cleared  area  were  kept  as  compact  as  possible  so  that  they  would 
burn  clean  and  occupy  a  minimum  of  ground  space.   Experience  with  piling 
and  burning  in  1948  indicated  that  the  tractor  operator  should  make  an 
effort  to  keep  as  much  dirt  as  possible  out  of  the  piles.   Soil  mixed 
with  organic  material  creates  poor  burning  conditions  and  may  cause  some 
piles  to  smoulder  longer  than  is  desirable.   Fashing  slash  uphill  should 
be  avoided  as  much  as  possible. 

2J   Cosens,  Richard  D.   1952.   Reducing  logging  damage.   California 
Forest  and  Range  Experiment  Station.   Forest  Research  Note  No.  82. 
Berkeley,  Calif. 
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Small  groups  of  sugar  pine  seedlings  and  saplings  were  occasion- 
ally found  in  regeneration  areas  before  clearing.   When  the  trees  had  a 
spacing  of  approximately  6  by  6  feet  or  closer  (roughly  1000  per  acre), 
they  were  saved.   Other  species  were  cut  if  present,  the  trash  was  thrown 
out  of  the  sugar  pine  group,  and  the  tractor  was  kept  out.   On  the  other 
hand,  no  special  attempt  was  made  to  save  scattered  young  trees  not 
meeting  the  spacing  requirement. 

As  the  object  of  clearing  was  to  get  sugar  pine  established, 
seedlings,  saplings,  and  scattered  poles  of  other  species,  and  high 
brush  were  eliminated  from  the  regeneration  areas.   For  various  reasons 
it  was  sometimes  difficult  for  the  dozer  blade  to  push  these  plants  out 
without  also  scooping  up  a  large  quantity  of  soil<=   The  plants  were  left^ 
and  the  swamper  cut  them  with  an  axe.   (A  2^-pound  single-bitted  axe  was 
best  for  this  job.)  He  also  cut  off  some  saplings  knocked  flat  by  the 
logging  operations  and  other  small  trees  and  brush  that  resisted  the 
dozer  blade.   Cleaning  up  the  small  trash  on  edges  of  piles  and  windrows 
was  best  done  by  hand  and  with  the  aid  of  a  pitchfork. 

To  reduce  fire  hazards,  all  men  engaged  in  the  clearing  operation 
coordinated  their  work  so  that  no  stringers  of  trash  were  left  lying 
between  slash  piles  and  the  reserve  timber.   This  eliminated  the  danger 
of  fire  creeping  to  the  live  stands  during  the  burning.   Snag  falling 
was  done  after  clearing  was  completed.   The  fallers  cut  a  firebreak 
section  out  of  any  snag  that  extended  from  a  slash  pile  into  the  reserve 
timber.   On  his  last  inspection  before  the  burnings  the  job  supervisor 
carried  a  shovel  to  clear  up  any  shattered  wood  from  snags  or  other 
trashy  fuel  near  slash  piles. 

Burning  had  to  wait  until  the  woods  were  wet  because  many  large 
piles  of  slash  had  been  accumulated.   Most  piles  burned  very  hot  for  a 
few  hours,  and  some  carried  a  moderate  amount  of  heat  for  several  days; 
some  piles  smouldered  over  winter.   An  occasional  inspection  of  the 
burning  area  was  made  during  May,  Jane^  and  July  of  the  following  season. 

Costs 

Records  of  time  and  costs  were  kept  for  the  slash  disposal  and 
site  preparation  phases  of  the  job  for  both  1948  and  1949  (table  l). 
The  lower  cost  in  1949,  #37.38  per  acre  cleared^  contrasted  with  |58.55 
per  acre  cleared  in  1948,  is  largely  the  result  of  increased  experience. 
A  better  clearing  blade  for  the  tractor  and  more  6,>:perience  in  this  type 
of  work  should  reduce  the  cost  even  more.   The  cost  of  slash  disposal 
and  site  preparation  is  presented  in  table  1  in  three  ways;  (l)  Per  acre 
of  regeneration  area,  (2)  per  acre  of  gross  area  logged  during  season, 
and  (3)  per  thousand  board  feet,  net  landing  scale,  all  timber  cut.   An 
operator's  costs  may  be  calculated  from  the  man-day  and  hour-meter  data 
given. 
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Discussion 

It  is  obvious  that  possibilities  for  clearing  slash  from  regenera- 
tion areas  have  been  only  briefly  investigaxed.   New  machines,  tools,  and 
methods  should  be  tried.   There  are  now  on  the  market  various  types  of 
land-clearing  blades  for  attachment  to  tractors,  most  of  them  being 
arrangements  of  different  kinds  of  teeth.   Tests  may  show  some  of  these 
blades  to  be  satisfactory.   If  they  all  prove  inadequate  for  the  job, 
good  ones  should  be  designed.   The  ideal  clearing  blade  should  cut  off 
live  brush  and  small  trees  below  ground  level  and  move  the  slash  to 
piles  without  picking  up  soil. 

Whether  or  not  the  methods  tried  in  slash  disposal  will  result 
in  site  deterioration  is  a  question  which  should  be  investigated.   It 
must  be  remembered  that  a  bare  mineral  soil  is  considered  to  be  essential 
for  establishing  sugar  pine  reproduction  by  means  of  natural  seedfall. 

To  date  the  effect  of  burned  slash  piles  on  restocking  has  not 
been  thoroughly  invesi.i  ated.   The  information  available^  shows  no 
significant  difference  in  survival  of  seedlings  between  areas  where  slash 
piles  were  burned  and  adjacent  areas  of  bare  soil. 

In  some  localities  it  might  be  possible  to  sell  limbs  and  chunks 
for  firewood  or  other  uses,  either  before  or  after  slash  is  piled.   Large 
accumulations  of  such  material  in  regeneration  areas,  which  are  fairly 
accessible  over  skid  trails,  might  make  the  recovery  of  firewood,  shake, 
or  post  material  an  attractive  enterprise  for  local  residents. 

Complete  elimination  of  sprouting  brush  species  does  not  result 
from  the  slash  disposal  methods  described  here.   Some  species,  like 
whitethorn  and  chinquapin,  sprout  quickly.   In  an  effort  to  control  the 
sprouts  as  they  appear,  techniques  of  chemical  spraying  are  being  tested. 
But  complete  elimination  of  brush  may  not  be  necessary  since  slash 
disposal  and  site  preparation  are  done  only  to  give  pine  reproduction  the 
initial  competitive  advantage  it  needs  to  keep  ahead  of  brush  growth. 

Present  experience  indicates  that  the  preparation  of  regeneration 
areas  to  receive  seed  or  planting  stock  can  be  done  at  a  reasonable  cost, 
and  at  the  same  time  provide  fireproofing  measures  for  the  logging  area. 


8^  Powells,  H.  A.,  and  G.  H.  Schubert.   1951.   Recent  direct 
seeding  trials  in  the  pine  region  of  California.   California  Forest  and 
Range  Experiment  Station.   Forest  Research  Note  No.  78.   9  p.   Berkeley, 
Calif. 
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REDUCING  LOGGING  DAMAGsV 
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OF  THE  bOU'i'ti 


By  Richard  D.  Cosens,  Forester, 
Division  of  Forest  Management  Research 


Reducing  logging  damage  to  reproduction  and  residual  stands  is  an 
important  part  of  harvesting  the  old-growth  forests  of  California.  Much 
of  the  overmature  timber  is  on  areas  with  an  acceptable  stocking  of  advance 
growth.   Vlhen  the  old  trees  are  harvested,  the  advance  growth  is  scarred, 
deformed,  broken,  or  killed  outright.   Insects  and  disease  attack  the 
broken  and  scarred  trees,  and  the  quantity  and  quality  of  wood  grown  for 
the  next  harvest  is  reduced.   Sometimes  the  advance  growth  is  so  severely 
damaged  that  the  stand  must  be  regenerated.   This  is  costly  and  of  course 
extends  the  time  that  land  owners  must  wait  until  the  next  harvest. 

The  extent  of  damage  varies  with  stand  conditions,  forest  types, 
topography,  type  of  equipment,  and  attitude  of  the  loggers.   The  more 
frequent  sources  of  damage  are: 

1.  Unnecessary  and  improperly  located  roads,  landings,  and 
yarding  trails. 

2.  Improper  falling. 

3.  The  use  of  tractor-arch  units  in  young  stands. 

4.  Loose  supervision  of  logging  crews  in  their  efforts  to 
reduce  damage. 


l/   The  plan  for  reduction  of  logging  damage  was  made  and  carried 
out  under  the  direction  of  W.  E.  Hallin,  in  charge  of  silvicultural 
investigations.  Division  of  Forest  Management  Research.  Acknowledgment 
is  made  to  David  C.  Maul,  formerly  of  the  Division,  for  the  use  of 
material  from  progress  reports  made  while  he  was  carrying  out  the  plan 
in  the  field. 


*  MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 
Agriculture — Berkeley 


A  general  policy  of  careful  logging  is  not  enough  to  reduce 
damage;  besides  the  policy,  specific  measures  must  be  designed  to  do 
the  job.   This  article  describes  the  measures  taken  to  reduce  logging 
damage  on  an  experimental  logging  project  conducted  by  the  Experiment 
Station  in  1948  and  1949.   Tne  logging  proiact  was  part  of  a  trial 
application  of  Cunning's  Unit  Area  Control^  to  the  sugar  pine-fir  type, 
common  on  the  west  slopes  of  the  Sierras  in  central  California.   Logging 
was  done  by  Experiment  Station  crews. 

The  Logging  Project 

The  trial  was  carried  out  on  200  acres  of  the  Stanislaus  Experi- 
mental Forest,  about  30  miles  east  of  Sonora,  California.   The  topography 
ranged  from  relatively  level  areas  to  steep  slopes.   The  forest  was 
composed  of  many  small  unit  areas,  or  natural  groupings  of  trees.   Each 
unit  was  uniform  in  age,  species,  and  stocking;  and  enough  different 
units  were  present  to  classify  the  forest  as  a  whole  as  an  all-aged, 
mixed-conifer  stand.  Unit  areas  containing  advance  growth  occupied  70 
percent  of  the  logging  area  and  were  of  three  general  types,  each 
requiring  a  different  silvicultural  treatment  in  the  first  cutting  cycle. 
Groups  of  young  trees  with  no  overstory  received  no  cutting.   Groups  of 
reproduction  with  an  overmature  overstory  received  a  group  release  cut. 
And  groups  of  mature  and  immature  trees  with  a  few  scattered  overmature 
trees  received  an  improvement  cut.   For  these  three  types  of  areas  the 
cut  overaged  6.6  trees,  or  29,000  board  feet  per  acre,  and  the  reserve 
averaged  60  trees,  or  46,000  board  feet  per  acre.   The  reserve  also 
included  numerous  poles  under  11»6  inches  d.b.h.   The  other  30  percent 
of  the  area  consisted  of  groups  of  overmature  trees,  in  units  of  one- 
fifth  to  3  acres  in  size.,  with  inadequate  stocking  of  advance  growth. 
These  areas  were  clear  cut  and  the  ground  was  prepared  for  regeneration 
by  bunching  the  brush  and  slash  and  exposing  the  mineral  soil  with  a 
bulldozer. Ji:/ 

The  measures  used  to  reduce  the  logging  damage  on  this  project  are 
discussed  under  three  headings: 

1.  Advance  planning, 

2.  Carrying  out  the  plan,  and 

3.  Training  and  supervisiorj.. 


2/  Hallin,  William  E.   1951.   Unit  area  control  in  California 
forests.   California  Forest  and  Range  Experiment  Station. 
Forest  Research  Note  No.  77.   8  p.   Berkeley,  Calif. 

3/  Gordon,  Donald  T. ,  and  Richard  D.  Cosens.   1952.   Slash  disposal 
and  site  preparation  in  converting  old-growth  sugar  pine-fir  forests  to 
regulated  stands.   California  Forest  and  Range  Experiment  Station.  Torest 
Research  Note  No.  81.   7  p.   Berkeley,  Calif. 
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Advance  Planning 

A  logging  plan  was  made  before  actual  logging  started.   Much  of 
the  planning  was  done  as  the  timber  was  marked  for  appropriate  silvicultural 
treatments.   This  made  it  possible  to  coordinate  forestry  and  logging 
phases  of  the  operation,  eliminating  the  need  to  adjust  road  or  landing 
locations  after  logging  began.   Thus,  the  plan  resulted  not  only  in  less 
damage  to  the  young  trees  but  also  in  a  more  efficient  operation.   Prepa- 
ration of  the  plan  was  done  in  four  steps?;  (l)  Locating  secondary  roads 
and  landingSj  (2)  marking  timber  and  selecting  yarding  methods^  (3)  pre- 
paring logging  maps,  and  (4)  outlining  catting  patterns. 

lioads  and  Landings 

Tentative  locations  for  secondary  roads,  landings ;,  turn-arounds , 
and  the  area  to  be  ser-/ed  by  each  landing,  were  first  determined  from 
aerial  photographs  and  a  topographic  map.   Then  when  the  logging  area  was 
checked  on  the  ground,  the  final  locations  were  marked  on  a  map  and  on 
the  ground.   The  logging  superintendent  and  a  forester  worked  together 
in  selecting  these  locations. 

Coordination  of  the  road  system  with  the  rest  of  the  logging  plan 
was  the  most  important  feature  of  road  location  a?  far  as  reducing  logging 
damage  was  concerned.   Secondary  or  spur  roads  were  located  so  that 
disturbances  to  the  resei"/e  stand  and  to  the  grouiid  were  miniirazed.   Roads 
were  routed  through  natui'al  openings j  and  cuts  and  fills  whi';h  might  erode 
were  avoided  when  practicable. 

Each  landing  was  located  so  that  the  main  yarding  trails  entering 
it  would  do  a  minimum  of  damage  to  reproduction  and  to  stream  channels. 
Natural  openings  in  the  timber  were  utilized*   Locations  V'/ere  m.ade  to  tie 
in  v/ith  the  existing  road  system,  so  the  landing  was  on  the  edge  of  a 
secondary  road  if  possible.   Por  safety  reasons; ^  landings  were  not  placed 
on  roads  having  through-traffic  from  other  areas.   Some  of  the  landings 
used  in  the  first  cut  were  located  for  permanent  use   in  order  be  minimize 
both  the  area  made  unproductive  by  landings  and  spur  roads  and  the  cost  of 
future  construction. 

Tlie  area  to  be  yarded  to  each  landing  was  detenn.ined  hj   the 
topography^  yarding  distances  location  of  the  landing  itself ^  and  the 
location  of  adjacent  landings.   Tlie  desired  maximum  ^'arding  distance  was 
1,200  feet,  but  in  some  cases  distances  up  to  2^000  feet  VYere  necessary 
because  of  the  topography.   To  avoid  erosion  hazards,  boundaries  of  each 
setting  were  laid  out  so  that  yarding  trails  would  not  cross  small 
streams.   Thus  streams  as  well  as  ridges  affected  the  location  of  setting 
boundaries.   For  example^  in  1948  two  landings  were  located  relatively 
close  together^  one  on  the  north  side  of  a  stream  and  the  other  on  the 
south  side. 
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Marking  and  Yarding  Methods 

Marking  was  done  by  a  two-man  crew.   One  man  selected  the  unit 
areas  that  were  to  be  cut  for  regeneration,  group  release ^  or  stand  im- 
provement.  He  marked  and  numbered  the  trees,  located  and  flagged  the  arch 
trails,  and  made  the  necessary  tree  measurements.   On  unit  areas  marked 
for  group  release  or  improvement,,  he  also  designated  the  places  where 
ground  skidding  should  be  used  instead  of  arch  yarding.   The  other  man 
recorded  tree  data  and  made  a  rough  map  of  the  landing  area.   They  began 
work  at  the  landing.,  thus  making  it  easier  to  select  arch  trails  as  marking 
proceeded  away  from  the  landingc   The  logging  superintendent  and  the 
forester  checked  the  arch  trails  and  ground  skidding  area  before  logging 
started  at  each  setting. 

Arch-trail  locations  were  determined  by  five  main  objectives* 
First,  the  trails  serviced  the  entire  landing  area  so  there  would  be  no 
reason  to  make  additional  trails  at  the  time  of  logging.   Second^  the 
niimber  of  trails  was  kept  to  a  minimum,  with  branch  trails  joining  the 
main  ones  as  soon  as  feasible.   Third,  stream  crossings  were  kept  to  a 
minimum  by  locating  arch  trails  on  both  sides  of  the  stream  where  it  was 
impracticable  to  locate  separate  landings.   These  trails  were  located  as 
far  away  from  the  stream  edge  as  practicable  in  order  to  minimize  dis- 
turbances on  or  near  stream  banks.   Fourth^  patches  of  reproduction  were 
avoided  by  running  the  arcti  trails  through  natural  openings,  or  openings 
resulting  from  cutting.   Trails  were  routed  around  young  stands  where 
there  was  to  be  no  cuttings  and  occasionally  short  adverse  grades  were 
accepted  to  avoid  patches  of  reproduction.   Fifth,  the  trails  were  located 
to  avoid  long  or  steep  adverse  grades,  unnecessary  distancess,  and  sharp 
turns.   The  trails  were  marked  on  the  ground  by  flagging  trees  and  bushes 
with  strips  of  paper  or  cloth.   Occasional  trees  that  could  not  be  avoided 
when  locating  trails  were  marked  for  cuttings   The  trails  were  rechecked 
when  the  marking  was  completed  to  make  sure  they  were  located  properly  in 
respect  to  the  objectives  and  in  relation  to  other  trails.   Tractor-arch 
units  were  confined  to  these  trails  except  for  the  actual  pick-up  of  logs. 
Use  of  these  designated  trails  contributed  much  to  the  reduction  of  logging 
damage. 

Ground  skidding  was  designated  for  areas  containing  reproduction 
or  advance  growth  that  would  be  severely  damaged  by  the  maneuvering  of  a 
tractor  and  arch.   This  included  most  of  the  unit  areas  marked  for  a  group- 
release  cut  and  several  of  the  unit  areas  marked  for  an  improvement  cut. 
Since  many  loggers  are  prone  to  consider  dense ^  small  reproduction  as  brush, 
special  care  was  taken  to  designate  these  spots  for  ground  skidding. 
Slopes  too  steep  for  the  tractor  and  arch  were  also  marked  for  ground 
skidding.   Within  all  ground- skid  areas  logging  was  done  with  a  skid  cat. 

Regeneration  cuts,  as  mentioned  previously,  were  made  on  unit  areas 
having  overmature  trees  with  little  or  no  advance  growth.   All  trees  on 
these  unit  areas  were  marked^  and  the  boundaries  of  the  areas  were  plotted 
by  the  mapper. 

-4- 


In  1948  the  direction  of  fall  was  marked  by  a  painted  line  on 
trees  to  be  out,  so  advance  growth  would  not  be  damaged.   This  practice 
was  later  discontinued  because  the  same  objective  was  adequately  achieved 
by  crew  training  and  supervision,  v;ith  a  considerable  saving  of  time» 

Logging  Maps  ^ 

Logging  maps  similar  to  the  one  in  figure  1  (at  end  of  paper)  were 
prepared  for  all  landings.   As  marking  progressed,  the  mapper  sketched  in 
the  details.   Relative,  rather  than  exact  locations  were  plotted.   Details 
mapped  were  roads^  streams,  rock  outcrops,  landings,  arch  trails,  regeneration 
units,  places  where  ground  skidding  was  necessary  and  the  trees  marked  for 
cutting.  Por  the  regeneration  unit  areas,  only  the  numbers  of  the  first 
and  last  tree  were  plotted.   Wliere  the  marked  trees  were  not  grouped,  the 
position  of  each  tree  was  plotted.   The  maps  were  duplicated  by  the  ozalid 
process  for  distribution  to  loggers. 

Cutting  Pattern 

A  cutting  pattern  for  each  landing  was  also  prepared  m  advance  of 
logging.   This  was  done  to  prevent  any  conflict  betv^feen  yarding  and  cutting 
that  would  necessitate  new  arch  trails  and  landings  or  that  would  lower 
safety  standards  by  having  the  two  crews  too  close  to  each  other.   Using 
volume  data  from  marking  sheets  and  tree  locations  from  logging  maps, 
cutting  strips  were  drawn  on  the  map  and  numbered  for  cutting  priority. 
The  first  strip  to  be  cut  included  the  trees  near  a  main  arch  trail.   The 
objective  was  to  finish  the  cutting  on  an  area  adjacent  to  an  arch  trail 
before  yarding  began-   Basing  the  cutting  strips  on  arch  trails  in  this 
way  permitted  a  more  even  daily  production  by  balancing  long  skids  with 
short  skids.   The  first  cut  on  areas  to  be  cut  in  tv;o  stages  was  designated 
for  cutting  as  soon  as  possible.   Then  this  cut  could  be  yarded,  and  the 
second  cut  and  yarding  completed  before  the  landing  was  moved. 

On  logging  operations  where  falling  is  completed  on  an  entire 
setting  before  yarding  begins,  a  planned  cutting  pattern  is  necessary  only 
for  areas  that  are  cut  in  two  stages. 

Carrying  Out  the  Plan 

Copies  of  the  landing-area  maps  were  distributed  to  each  set  of 
fallers,  the  head  rigger  (called  head  choker  setter  on  some  operations), 
the  skid-cat  choker  setter,  the  logging  superintendent,  and  the  forester. 
Besides  marking  the  trees  for  cutting,  the  forester  trained  and  supervised 
the  logging  crew  on  the  planned  methods  of  reducing  logging  damage.   Each 
man  receiving  a  map  was  shown  by  the  forester  how  he  could  use  it  most 
advantageously. 
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Use  of  Maps 

The  fallers  made  use  of  the  maps  in  two  ways.   When  falling  a 
tree  they  knew  the  location  of  the  arch  trail  and  were  able  to  place 
the  tree  so  that  yarding  could  be  done  vjith  the  least  amount  of  damage. 
Many  times  the  location  of  the  arch  trail  was  the  controlling  factor  in 
determining  the  direction  of  fall.   Of  course  other  factors — such  as  the 
lean  of  a  tree,  the  risk  of  breakage  in  falling  a  tree  over  windfalls  or 
rough  ground,  and  the  risk  of  damaging  advance  growth — also  influenced 
the  direction  of  fall.   Regardless  of  the  other  factors,  on  steep  slopes 
the  trees  were  dropped  up  or  down  the  hill,  rather  than  across  the  slope, 
in  order  to  prevent  damage  to  advance  p-rowth  from  rolling  logs  and  to 
reduce  the  accident  hazard  for  the  yarding  crew.  The  maps  also  aided 
the  fallers  in  locating  marked  trees  and  made  it  unnecessary  to  check 
whether  isolated  trees  were  marked.   Only  one  tree  out  of  approximately 
2500  marked  was  missed  by  the  fallers.   It  was  felt  that  the  map  and  the 
practice  of  numbering  the  tress  were  responsible  for  this  excellent 
showing. 

The  yarding  crew  found  that  the  maps  made  it  easier  to  follow 
the  arch  trails  and  to  determine  which  trail  the  logs  should  be  yarded  to< 
This  can  best  be  illustrated  by  referring  to  the  map  in  figure  1.   Assume 
that  the  yarding  is  proceeding  in  a  clockv^ise  manner  and  that  the  trees 
numbered  53  to  56  are  being  yarded.   The  map  shows  clearly  that  the  next 
group,  trees  numbered  47  to  52  should  be  skidded  to  another  trail  rather 
than  the  one  now  being  used.   The  reason  for  using  another  trail  is  that 
a  patch  of  reproduction  grows  between  trees  49  to  53.   Had  the  m^ap  not 
been  used,  this  patch  could  have  been  partially  destroyed  by  running  an 
arch  trail  through  ito   The  crew  could  also  see  where  ground  skidding 
was  necessary,  so  the  forester  did  not  hi  ve  to  be  constantly  with  them. 

The  logging  superintendent  found  the  maps  valuable  in  directing 
the  yarding  crews.   Instructions  were  clearer  when  referenced  to  the 
map,  and  yarding  distances  were  more  easily  balanced.   He  was  also  able 
to  determine  when  and  for  how  long  it  would  be  necessary  to  use  the  skid 
cat  at  each  setting.   And  the  forester  found  the  maps  useful  in  checking 
the  crews  to  see  that  they  were  following  the  logging  plan. 

Two- stage  Cutting 

Logging  was  done  in  two  stages  to  reduce  breakage  and  damage  to 
the  residual  stand  vdiere  a  large  volume  of  tirabsr  was  removedo   This  was 
necessary  on  about  30  percent  of  the  area,  primarily  the  regeneration 
units.   The  fallers  first  cut  from  50  to  60  percent  of  the  marked  trees 
on  these  units  and  all  the  marked  trees  on  the  rest  of  the  area.   After 
these  logs  were  yarded  the  remiaining  trees  were  cut.   This  practice  also 
lowered  the  time  needed  for  limbing  and  bucking.   The  volume  removed  on 
each  cut  was  always  more  than  20,000  board  feet  per  acre,  and  logging 
costs  per  thousand  were  not  increased  by  two- stage  cutting.   The  cutting 
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pattern  was  arranged  so  that  both  stages  of  logging  could  be  done  without 
moving  landings.   To  do  this,  the  fallers  v.ere  assigned  to  cutting  strips 
in  the  two- stage  areas  as  soon  as  the  trees  around  the  landing  and  main 
arch  trails  had  been  felled. 

Use  o^f  Skid^  Cat  « 

Ground- skidding  areas  v/ere  logged  ivith  a  skid  cat  rather  than  the 
tractor-arch  unit.   The  skid  cat  had  a  smaller  turning  radius  and  greater 
maneuverability  and  consequently  did  far  less  damage  to  the  advance  growth 
than  the  tractor-arch  unit.   With  the  skid  cat  it  was  possible  to  yard 
individual  lo-';s  down  the  line  of  the  tree.   This  was  done  by  pulling  out 
the  first  log  to  an  opening,  then  backing  dovm  the  line  of  the  tree  to  the 
next  log,  and  so  forth,  until  the  entire  tree  was  yarded  out.   For  some 
trees  the  winch  line  was  r)ulled  out  to  the  log  by  the  choker  setter  in 
order  to  save  trees  that  vvould  be  damaged  by  backing  the  cat  all  the  vmy. 
As  can  be  seen  from  the  m.ap  (fig.  l),  regeneration  units  are  scattered 
throughout  the  stand.   Because  these  unit  areas  were  clear-cut  for 
regeneration,  they  made  ideal  transfer  iioints.   That  is,  logs  removed  by 
the  skid  cat  were  bunched  in  the  regeneration  units^  and  the  tractor-arch 
unit  took  them  on  to  the  landing.   With  this  setup  little  time  was  wasted 
by  havin.E,  the  skid  cat  yard  only  one  or  two  logs  at  a  time. 

The  crew  consisted  of  a  cat  skinner  and  one  choker  setter.   This 
crevv  worked  a-o"proximately  one-third  of  the  time  on  ground  skidding.   When 
ground  skidding  ',;as  not  in  progress,  an  angledozer  was  attached  to  the 
skid  cat  and  it  was  used  to  pile  slash,  to  build  spur  roads,  to  build  arch 
trails,  and  to  prepare  and  clean  landings.   The  division  of  time  for  the 
skid  cat  varied  for  each  landing. 

Daily  -oroduction  was  increased  by  using  the  skid  cat.   However, 
costs  of  yarding  were  somewhat  higher  in  areas  v/here  it  Vvas  used.   In  1949 
yarding  v/as  done  by  one  tractor-arch  unit  with  a  oat  skinner  and  two 
choker  setters  working  all  the  time,  and  the  skid  cat  with  a  cat  skinner 
and  one  choker  setter  working  only  one-third  of  the  time.   The  average 
net  scale  at  the  landing  was  66,000  board  feet  per  8-hour  day.   This  is  a 
higher  daily  production  than  one  tractor-arch  unit  can  ordinarily  sustain 
on  simdlar  topography  in  this  forest  type. 

Training  and  Supervision 

Training  the  logging  crew  was  one  of  the  most  important  measures 
in  reducing  logging  damage.  Without  proper  training  the  other  measures 
outlined  in  this  paper  would  lose  their  effectiveness.  For  example, 
selecting  and  marking  a  route  for  an  arch  trail  is  of  little  value  unless 
the  yarding  crew  is  trc.ined  to  use  the  trail.  Having  a  skid  cat  en.  the 
job  does  not  necessarily/-  mean  logging  damage  will  be  reduced.  The  crew 
has  to  be  trained  to  use  it  proi-^erly. 
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Both  the  logging  superintendent  and  the  forester  made  a  special 
effort  to  acquaint  all  tne  workers  with  the  objectives  of  the  project. 
The  loggers  were  made  to  understand  that  their  job  was  reducing  damage 
to  advance  growth  as  well  as  getting  out  logs.   Such  specific  measures 
as  the  use  of  the  skid  cat  and  the  logging  maps  were  explained  to  them. 
The  practices  peculiar  to  each  job  were  discussed  with  each  man,  and  he 
was  shown  how  he  could  contribute  most  effectively  to  reducing  damage. 
Other  points  basic  in  growing  a  new  crop  were  explained  to  show  why  damage 
should  be  reduced:  How  a  tree  grows,  where  the  clear  boards  are  obtained, 
how  disease  and  insects  attack  scarred  trees. 

Because  their  past  experience  had  been  in  extensive  stands  of 
overmature  virgin  timber,  many  members  of  the  logging  crew  were  aware 
only  of  the  need  to  harvest  the  existing  trees.   It  was  important, 
therefore,  to  emphasize  the  loggers'  role  in  growing  a  new  crop  of  timber. 
All  these  points  were  discussed  with  the  men  at  the  beginning  of  the 
season  and  whenever  new  men  were  hired. 

The  forester  worked  with  each  falling  and  yarding  crew  for  two  or 
three  days  at  the  beginning  of  the  season.   This  time  was  used  to  show 
the  crew  how  they  could  save  reproduction  and  do  less  damage  to  the  larger 
advance  growth.   After  these  first  few  days  he  spent  about  half  of  his 
time  with  the  crews  or  checking  on  their  work.   When  crews  moved  to  a 
new  landing  he  distributed  the  maps  and  familiarised  the  cat  skinners  and 
choker  setters  with  the  arch  trails  and  the  ground  skidding  areas. 
Frequent  checks  v^ere  made  to  see  that  the  falling  and  yarding  crews  were 
doing  their  jobs  correctly.   At  these  times  advice  was  given  to  men  needing 
it  and  encouragement  to  those  doing  a  good  job. 

Discussion 

On  this  experimental  logging  project  reduction  of  logging  damage 

was  accomplished  with  present  types  of  equipment  by  preparing  and  carrying 

out  a  detailed  logging  plan,  and  by  carefully  training  and  supervising 
the  logging  crew. 

The  ultimate  in  reducing  logging  damage,  however,  will  require  the 
development  of  new  equipment,  or  at  least  the  modification  of  present 
equipment.   The  tractor-arch  unit  causes  an  unduly  large  amount  of  damage 
to  reproduction  because  of  its  size  and  large  turning  radius.   Smaller, 
more  maneuverable  yarding  equipment  is  needed. 
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There  is  also  a  need  for  more  extensive  use  of  lines  for  yarding 
logs  out  of  thickets  of  reproduction  without  sending  tractors  into  the 
trees.   Howeverj  the  large  line  necessary  for  ground  skidding  the  larger 
logs  greatly  restricts  the  use  of  lines  pulled  out  by  hand  for  this  type 
of  work.   A  skid  cat  with  an  auxiliary  drum  and  fairlead  similar  to  the 
one  developed  by  I.  L.  Morgan  of  New  Meadows ^  Idaho^  could  be  used  for 
this  purpose.   The  auxiliary  drum  allows  for  the  use  of  a  lighter  line  for 
winching  small  logs  to  the  tractor^  where  they  can  be  transferred  to  a 
heavier  main  line  for  yarding  to  the  landing.   Or  possibly  the  lighter 
line  might  be  used  as  a  haul-back  to  pull  out  a  heavier  line  for  winching 
large  logs  to  the  tractor. 

To  conclude^  preventing  logging  damage  will  be  made  easier  by: 

1.  Preparing  and  carrying  out  a  detailed  logging  plan  aimed  at 
reduction  of  damage; 

2.  Properly  training  and  supervising  logging  crews;  and 

3.  Focusing  engineering  and  logging  ingenuity  on  designing 
equipment  that  will  lessen  damage  to  the  advance  growth 
as  well  as  increase  efficiency  of  ye.rding  logs. 


4^  New  device  increased  production  of  log  skidding  tractors. 
Article  in  the  Lumberman  76(9):  74.   September  1949. 
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AFTER  COLD  STORAGE 
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Most  conifers  do  not  bear  seed  each  year,  but  rather  at  intervals, 
with  good  crops  occurring  two  to  ten  years  or  more  apart.   It  is  neces- 
sary, then,  to  collect  seed  during  good  seed  years  to  tide  over  the  poor 
years.   How  long  seed  may  be  stored  safely  is  thus  of  great  practical 
importance.   This  article  reports  results  of  germination  tests  on  seed  of 
various  conifers  stored  by  this  Station  from  2  to  24  years.   The  seed 
includes  some  lots  previously  tested  (table  l),  and  some  tested  for  the 
first  time  in  1951  (table  2). 

Storage  Conditions 

Seeds  were  air-dried  immediately  after  being  collected  and  ex- 
tracted, and  then  stored  in  airtight  containers  at  41*-*  F.   The  containers 
were  5-gallon  cans  with  tight  lids.   Generally  seed  of  more  than  one 
species  and  a  number  of  different  seed  lota  were  stored  in  a  single  can. 
This  may  not  be  the  best  procedure  to  follow  ^  ecause  the  can  may  be  opened 
several  times  to  get  seed  of  different  spec  es  or  lots.   Exposing  the  seed 
in  this  way  may  not  be  harmful  if  the  relative  humidity  of  the  storage 
room  is  low  and  the  cans  are  closed  as  quick?.y  as  possibloo   Still,  it  is 
believed  that  properly  stored  seed  might  give  somewhat'laigher  germination 
than  is  reported  here.   By  properly  stored  seed  is  meant  that  the  following 
conditions  have  been  fulfilled? 

1.  Seed  is  not  collected  until  ripe. 

2.  Seed  is  dried  to  6  to  10  percent  moisture  content^  depending 
on  the  species. 

3.  Cold  storage  starts  as  soon  after  drying  as  possible. 


*  MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN  COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 

Agriculture — Berkeley 


4o   Containers  are  airtight  and  of  a  size  which  will  hold  the 
average  amount  of  seed  used  at  any  one  timso 

5»   Storage-,  ■temperature  is  in  the  range  of  5  to  32  Fo  and  not 
higher  than  41°  P.^ 

6x.  /  Seed  is  used  as  soon  as  possible  after  removal  from  cold 


storage 


V 


The  above  conditions  have  generally  been  complied  with  at  this 
station^  except  items  4  and  5  and  in  a  few  instances,,  item  lo   These 
exceptions  have  been  noted  above  and  in  "Results"  where  several  cases 
are  mentioned  in  which  the  seed  was  believed  to  be  immature  at  time  of 
collecting. 


Wakeley-'  suggests  that  properly  dried  conifer  seed,  such  as 
longleaf J  slash^  loblolly,  and  shortleaf  pines j  can  be  stored  in  bags 
instead  of  airtight  containers  if  hiimidity  in  the  cold  storage  space  is 
low  and  constant. 

Stratification  and  Germination  Tests 


Representative  samples  of  100  to  400  seeds  of  each  species  and  seed 
lot  tested  were  stratified  in  moist  sand  and  peat  moss  for  60  days  at 
36  P.   This  period  of  60  days  might  have  been  too  short  for  some  speciesj 
such  as  sugar  pine  and  possibly  the  other  white  pines,  which  were  in 
cold  storage  for  an  extended  time.   It  is  generally  recommended  that  sugar 
pine  should  be  stratified  for  90  days  or  mere  to  obtain  maximum  germina- 
tion..  Some  of  the  species,  such  as  ponderosa  and  Jeffrey  pixie,  may  not 
require  stratificationc   However,  it  was  believed  that  stratification 
would  do  no  harm  and  might  possibly  be  beneficialo 

Germination  tests  were  conducted  in  the  greenhouse  in  the  same 
containers  (4- inch  waxed  paper  pots)  used  for  stratificationo   The  green- 
house temperature  varied  from  about  55°  P,  at  night  to  75°  Fo  at  dayo 
The  germination  tests  were  closed  at  the  end  of  12  weekso   Almost  all 
seed  samples  had  stopped  germinating  by  the  end  of  the  ninth  weeko   No 
germination  occurred  during  the  last  two  weekso   No  cutting  test  was  made 
on  the  ungerminated  seedj  therefore,  the  germinative  capacities  listed 
in  Tables  1  and  2  are  based  only  on  seed  which  actually  germinated^ 


1/  Wakeley,  Philip  C.   1951o   Storing  southern  pine  seed.   U.  S. 
Dept.  Agr,  Forest  Service,  Southern  Forest  Experiment  Station  Occasional 
Paper  123.   13  p.   New  Orleans,  Louisiana^ 
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Table  1.-  Germination  of  various  coniferous  seeds  after 


prolong 

3d  cold  . 

storage 

Years 

:  Original 

:  Other 

record  i 

Year   : 

in  cold 

:   germi- 

:of  germination: 

Germination 

Species       : 

col-   : 
lected  : 

storage 

:   nation 
:  capacity 

: Percent 

*             0 

:  Date  % 

capacity 
1951 

Abies  concolor 

1937 

14 

2/8 
2/9  ' 

^/24 
2/?5 

0 

A.  concolor 

1938 

13 

_™ 

_,„ 

0 

A.  grandis 
A.  lasiocarpa 
A.  magnifica 
A.  nouilis 

1935 
1937 
1935 
1938 

16 
14 
16 
13 

s/'l 

(SI  rm\ 

1938 

0 
0 
8 

1 

Cupressus  forbesii 
Picea  englemannii 
P.  pungens 
Pinus  albicaulis 

1939 
1937 
1933 
1936 

12 
14 
18 
15 

^/28 

if 
3/77 
V48 

UO«an 

1937 
1937 

12 
0 
0 
3 

P.  attenuata 

1935 

16 

-3/86 

3/91 
5/55 

1945 

87 

P.  balfouriana 

1935 

16 

1945 

95 

P.  canariensis 

1933 

18 

1945 

12 

P.  contorta 

1934 

17 

1945 

47 

P.  contorta 

1935 

16 

1945 

40 

P.  contorta  var. 

2/54 

latifolia 

1934 

17 

-. 

1938 

,  47 

P.  contorta  var. 
latifolia 

1935 

16 

5/61 

^/26 
2/31 

^/  2A 
2/67 
3/8 

1945 

28 

P.  jeffreyi 

1933 

18 

1945 

62 

P.  jeffreyi 
P.  lambertiana 

1936 
1930 

15 
21 

1945 
1945 

6-4 
10 

P.  lambertiana 

1936 

15 

/ 

50 

P.  lambertiana 

1933 

18 

4/90 

^/32 

2/. 6  5 
2/44 
%6 
■§/39 

i^« 

|//90 
3/76 

^/49 
2/84 

1945 

SO 

P.  lambertiana 

1935 

16 

1945 

20 

P.  lambertiana 

1948 

3 

1950 

10 

P.  monticola 
P.  monticola 

1935 
1936 

16 
15 

^/62 
2/60 

1945 
1945 

35 
40 

P.  patula 
P.  pinea 

1930 
1933 

21 
18 

1945 
1945 

61 
32 

P.  ponderosa 
P.  ponderosa 
P.  ponderosa 

1933 
1934 
1936 

18 
17 
15 

2/ 

1945 
1945 

94 
75 
46 

P.  ponderosa 

1936 

15 

:^/63 

1945 

32 

P.  ponderosa 

1935 

16 

2/78 

1937 

28 

P.  ponderosa 
P.  radiata 

1937 
1930 

14 
21 

3/^~l 

1945 

50 
86 

P.  radiata 

1934 

17 

1945 

27 

P.  radiata 

1935 

16 

-- 

1945 

66 

Pootnotes  at  end  of  table,  next  page. 
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Table  lo-  Continued 


Years 

i     Year 

;  in  cold 

col- 

• storage 

Species 

lected 

Pseudotsuga 

macrocarpa 

1932 

19 

P.  macrocarpa 

1934 

17 

P.  macrocarpa 

1934 

17 

P.  taxifolia 

1935 

16 

Sequoia  gigantea 

1937 

14 

S.  gigantea 

1938 

13 

S.  sempervirens 

1934 

17 

S.  sempervirens 

1935 

16 

Original  ;  Other  record  : 

germi-  :of  germination:  Germination 

nation  :       :      :  capacity 

capacity  tPercent:  Date  :    1951 


5/ 


34 


'A 


21 


2A 


38 


2/.S7 


lA. 


27 


2/'o 
»2/l4 


1938 
1938 
1938 


1939 
1938 


2 
0 
1 

31 
8 

46 
1 
0 


1/  Stored  in  airtight  5-gallon  cans  at  41°  F. 

2/  From  unpublished  germination  records  of  James  Roof,  nursery 
technician,  California  Forest  and  Range  Experiment  Station  1937-39. 

3/  Sources  Mirov,  N.  T.   1946.   Viability  of  pine  seed  after  pro- 
longed cold  storage.   Jour.  F'orestry  44(3)  t  193-195. 

4/  From  unpublished  germination  results  by  the  author  in  the  winter 
of  1948-49. 

5/   Source:  Fowells,  H.  A.,  and  G.  H.  Schubert.   1951,   Recent  direct 
seeding  trials  in  the  pine  region  of  California.   U.  S.  Dept,  Agr.  Forest 
Service,  California  Forest  and  Range  Experiment  Station  Research  Note  No.  78, 
9  p.   Berkeley,  California. 
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Table  2.-  Gennination  capacity  of  stored  coniferous  seeds  for  which 
no  previous  germination  records  are  available 


Species 


Germination  capacity  when  length  of  storage  was — 


;  :  :  21  years 

0-5  years  ;  6-10  years  t    11-20  years  ;  and  over 


-  -  -  -  Percen 

fc±/ 

Abies  concolor 

53(1) 

0-6(3) 

0-8(10) 

A.  magnifica 

24(1) 

0-2(2) 

A.  nobilis 

— 

2(1) 

Cedrus  libani 

48(1) 

-- 

— 

Ghamaecyparis  lawsoniana 

»_ 

_- 

0-13(2) 

Cupressus  arizonica 

— 

— 

0-35(3) 

G.  bakeri 

— 

— 

10(1) 

G.  forbesii 

~ 

— 

16(1) 

G.  goveniana 

— 

— 

53(1) 

G.  lusitanica 

— 

— 

G.  macnabiana 

— 

— 

18(1) 

G,  nevadensis 

— 

-i- 

18(1) 

G.  pygmaea 

— 

— 

17-66(2) 

C.  sargentii 

— 

— 

9-"  15(2) 

Larix  dahurica  koreana 

— 

— 

2(1) 

Lo  occidentalis 

— 

— 

5(1) 

Libocedrus  decurrens 

74-98(2) 

0(1) 

0(1) 

Picea  sitohensis 

— 

68(1) 

2-6(2) 

Pinus  attenuata 

— 

71-76(2) 

Po  brutia 

8(1) 

— . 

__ 

P.  jeffreyi 

76(1) 

68-88(2) 

51(1) 

P.  lambertiana 

„._ 

_„ 

2-56(3) 

P.,  laricio  var,  salzmannii 

_,_ 

— 

1-6(2) 

P.  monticola 

— 

_„ 

20-30(2) 

P«  pondei-osa 

61-86(2) 

..™ 

41-87(5) 

P.  radiata 

94(1) 

„_ 

P.  strobus 

— _ 

0(1) 

P.  thunbergii 

— 

— ^" 

8(1) 

P.  torreyana 

94(1) 

— 

Pseudotsuga  taxifolia 

— 

66(1) 

0-15(3) 

Sequoia  gigantea 

_„ 

58(1) 

0-68(6) 

S.  sempervirens 

2(1) 

0(1) 

0(6) 

Tsuga  heterophylla 

— 

_« 

1-13(2) 

T.  mertensiana 

-_ 

— 

0-2(2) 

6(1) 


10(1) 


0(1) 


0(1) 


0(1) 


l/  Numbers  in  parentheses  indicate  the  number  of  seed  lots  represented. 
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Results 

Seed  of  Abies  and  Libocedrus  had  low  viability  after  3  to  6  years 
in  storage  (tables  1  and  Tfl      This  agrees  fairly  well  with  previous 
reports-^/  that  seed  of  these  genera  lose  most  of  their  viability  in  the 
relatively  short  time  of  4  to  5  yearso   One  seed  lot  of  Abies  concolorj 
however,  retained  53  percent  viability  after  3  years  and  two  seed  lots  re- 
tained 6  to  8  percent  after  IS  and  21  years..   Two  seed  lots  of  Libocedrus 
decurrens  retained  98  and  74  percent  viability  after  2  and  3  yearsj  how- 
ever, all  lots  of  this  species  stored  for  m.ore  than  8  years  had  lost  all 
viability. 

Seed  of  Cupressus  and  Pinus  kept  very  well  over  a  prolonged  period. 
This  was  especially  true  of  the  closed-cone  pines,  Pinus  attenuata,  P. 
radiata,  and  P,  oontortao   Several  seed  lots  of  P,  attenuata  retained  a 
viability  of  71  to  87  percent  after  16  to  1?  years ^  and  one  seed  lot  of 
P.  radiata  still  had  a  viability  of  86  percent  after  21  yaarsj  an  indicated,, 
loss  of  only  8  percent.   Several  seed  lots  of  P,  contortaj  stored  for  16   II 
and  17  years,  had  40  to  47  percent  viability.   One  seed  lot  of  Po  contort a, 
which  had  an  original  viability  of  91  percent,  lost  only  14  percent  during 
the  first  11  years,  but  lost  30  percent  during  the  next  6  yearso   Another 
seed  lot,  of  the  same  species,  had  a  viability  of  58  percent  at  the  end  of 
10  years,  then  dropped  to  28  percent  at  16  years.   On  the  basis  of  these 
two  seed  lets,  there  is  some  indication  that  the  rate  of  viability  loss  in- 
creases after  10  or  11  years.   The  various  species  of  Cupi°9ssu:.s  (table  2) 
retained  their  viability  for  11  to  21  years.   The  only  exception  was  the 
seed  lot  collected  in  1940,  which  had  lost  all  viability  In   11  years.   This 
particular  seed  lot  was  believed  to  be  immature  when  collected. 

Not  all  species  of  the  same  genus  store  equally  well.   One  of  the 
best  examples  of  this  is  in  the  genus  Sequoia„   Sequoia  gigantea  is 
generally  known  to  retain  its  viability  better  than  S.  sempervirenso   Two 
seed  lots  of  S.  gigantea  still  had  41  and  43  percent  viability  after  16 
and  17  yearso   None  of  the  seed  lots  of  S.  semper>./"irenij  had  more  than  1 
percent  viability  at  a  comparable  storage  period.   Another  example  is  in 
the  genus  Pseudotsuga,   One  seed  lot  of  P,  taxifclia  had  a  viability  of 
66  percent  after  6  years  and  another  had  31  percent  "after  16  years.   None 
of  the  seed  lots  of  P.  macrocarpa,  however,  retained  much  viability  after 
4  years.   One  sample  of  the  latter  had  S  percent  viability  after  19  years. 

2/  Forest  Service.   1948.   Woody- plant  ^eed  manuals   U.  S.  Dept. 
Agr.  Misc.  Pub.  654.   416  p»  illus. 
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The  genera  Chamaecyparis,  Larix,  and  Tsuga  wers  represented  by 
only  one  or  two  species.   In  general,  they  had  low  viability  after 

15  years.  One  seed  lot  of  Chamaecyparis  lawsoniana  and  one  of  Tsuga 
heterophylla  had  13  percent  after  16  and  15  years  respectively^  The 
best  result  for  Larix  was  for  L.  occidentalis  which  had  5  percent  after 

16  years.  Very  few  reports  on  viability  after  prolonged  storage  are 
available  for  these  genera. 

In  general,  the  results  show  that  seed  of  most  conifers  can  be 
collected  in  large  quantities  during  good  seed  years  with  assurance  that 
they  will  retain  high  viability  for  intervals  sufficiently  long  to  tide 
over  the  poor  seed  years— providing  the  seed  is  properly  handled  and 
stored. 
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Go  Ho  Schubert,  Forester^ 
Division  of  Forest  Management  Research 


Sodium  fluoroacetate  (compound  '"1080*')  and^  to  a  lesser  extent,  red 
lead  and  zinc  phosphide,  have  been  suggested  for  use  as  rodent  repellents 
in  direct  seeding.  On  the  basis  of  a  small  test  in  1950  on  the  Stanislaus 
Experimental  Forest  in  California,  none  of  these  chemicals  appears  effec- 
tive as  repellents  even  though  all  three  are  effective  as  poisons. 

Compound  "1080*',  equivalent  to  5  percent  by  weight  of  the  carrier, 
was  added  to  asphalt  and  to  dowax  (a  commercial  preparation) o  Dowax  was 
used  as  the  carrier  for  zinc  phosphide  and  for  red  lead,  which  were  used 
at  the  rates  of  5  and  10  percent  by  weight  of  the  carrier,  respectively. 
Water  was  added  to  each  mixture  to  form  a  thin  paste.  Seeds  were  then 
rolled  in  the  repellent  and  allowed  to  dry  to  facilitate  handling  and  to 
insure  maximum  retention  of  the  chemical o 

A  total  of  i46[|.  spots  were  planted  with  sugar  pine  seed  at  the  rate 
of  $    seed  per  spoto   Approximately  one=fifth  of  the  seed  spots  were  pro- 
tected with  cone  screens  to  determine  the  effect  of  the  chemical  on 
germinationo  Untreated  seeds  were  planted  on  one  hundred  unscreened  spots. 

None  of  the  chemicals  tested  proved  effective  as  repellents o  Only 
2  percent  of  the  unscreened  spots  with  coated  seeds  were  stocked  in  the 
fall  of  the  first  year,  and  this  dropped  to  1  percent  at  the  end  of  the 
second  year  (Table  l)o  In  contrast,  stocking  on  screened  spots  with 
coated  seeds  averaged  88  percent  at  the  end  of  the  first  growing  season, 
and  80  percent  at  the  end  of  the  second  yearo  Results  for  the  control 
seed  spots  were  similar o 


1/  ]yCr.  Joseph  Keyes,  retired,  formerly  Biologist,  U.  S.  Fish  and 
Wildlife  Service,  cooperated  in  the  test  by  preparing  the  treated  seed 
and  helping  with  setting  out  of  the  seed  spots o 

*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 

Agriculture— Berkeley 


Tab le  1 . — Percent  of  seed  spots  with  one  or  more  seedlings 


:  Stocked  in  19$0  :   Stocked  in  1951 
Treatments :Screened:  Unscreened  :Screened;  Unscreened 

5  percent  "1080"  in  asphalt  100  5  85  2 

5  percent  "1080"  in  dowax  85  0  80  0 

5  percent  zinc  phosphide  in  dowax  80  0  80  0 

10  percent  red  lead  in  dowax  93  2  71  2 

Average,  all  coated  seed  88  2  80  1 

Control  80  4  75  2 


Since  rodents  destroyed  practically  all  seeds  left  unscreened, 
germination  can  be  compared  only  on  the  screened  seed  spots.   Seed  treated 
with  5  percent  "1080''  in  asphalt  had  the  highest  germination  (54  percent). 
Those  treated  with  10  percent  red  lead  in  dowax  had  the  lowest  germination 
(43  percent).   The  untreated  control  ^eed  germinated  48  percent.   Those 
treated  with  5  percent  "1080"  in  dowax  and  with  5  percent  zinc  phosphide 
in  dowax  germinated  44  and  48  percent  respectively.   These  differences 
are  not  statistically  significant.   The  chemicals  apparently  neither 
repressed  nor  aided  germination. 

Empty  seed  coats,  scattered  in  and  around  the  seed  spots  indicated 
that  rodents ~-^hite -footed  mice  (Peromyscus  spp),  chipmunks  (Eutamias 
spp),  and  gro'ond  squirrels  (Citellus  spp) — and  not  birds  had  destroyed 
the  seed.   Evidently  amounts  of  the  coating  substances  too  small  to  be 
repellent  .or  lethal  had  been  ingested  by  the  rodents.  A  poison  or  repel- 
lent which  could  penetrate  the  seed  coat  and  be  absorbed  in  the  endosperm 
without  being  detrimental  to  the  embroyo  would  probably  be  a  more  effective 
means  of  rodent  control.   The  substance,  Tetramine,  under  current  investi- 
gation by  the  U.  S.  Fish  and  Wildlife  Service-'  ,  is  believed  to  possess 
these  properties.   Tetramine  is  currently  being  tested  by  the  California 
Forest  and  Range  Experiment  Station  in  the  Douglas-fir  area  in  California. 


2/  Spencer,  Donald  A.  and  Nelson  B.  Kverno.  1952.  Research  in 
rodent  control  to  promote  reforestation  by  direct  seeding.  U.  S.  Fish 
and  Wildlife  Service.   Progress  Report  No.  3,  74  p. 
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„  C'#INE  POLLEN  COLLECTION  DATES  -  ANNUAL 
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^'   0^         AND  GEOGRAPHIC  VARIATION"^ 


By  J.  W.  Duffield 


Activity  in  pine  breeding  has  increased  throughout  the  temperate 
forest  regions  of  the  world  since  the  Institute  of  Forest  Genetics  issued 
its  first  summary  of  pollen  collection  dates  in  1947.   Cooperation  between 
pine  breeders  has  increased  at  the  same  time.   The  information  most  essen- 
tial for  conducting  cooperative  breeding  operations  are  the  dates  of  pollen 
collection  (which  also  approximate  the  dates  at  which  the  bagging  of  flower 
buds  to  control  pollination  should  be  done)  for  various  species  at  various 
localities.   This  publication,  adding  four  years'  data  to  the  note  issued 
in  194V,  covers  a  period  of  14  years.   In  addition,  some  data  are  presented 
on  the  relation  between  temperature  and  development  of  catkins  and  on  the 
effect  of  altitude  on  time  of  pollen  collection.  These  new  data,  although 
still  fragmentary,  should  assist  workers  elsewhere  to  generalize  from  the 
data  collected  at  the  Institute  of  Forest  Genetics. 

Some  notes  on  the  pollen  collection  techniques  used  at  the  Institute 
of  Forest  Genetics^'  should  help  in  the  interpretation  of  the  data  which 
follow.   Catkins,  or  twig-tips  bearing  catkins,  are  picked  when  the  first 
catkins  on  a  tree  are  starting  to  open.   Thus  a  collection  date  usually 
corresponds  rather  closely  to  the  date  on  which  pollen  shedding  starts. 
The  collection  date  also  corresponds  to  a  date  five  days  to  a  week  later 
than  that  on  which  bagging  of  conelet  buds  on  the  same  tree  would  be  advis- 
able.  Complete  extraction  of  the  pollen  requires  from  one  to  five  days  or 
rarely  longer.   If  the  pollen  has  been  extracted  under  conditions  of  low 


1/  A  revision  of  Duffield,  J.  W.   1947.   Dates  and  places  of  pollen 
collection  by  the  Institute  of  Forest  Genetics.   Calif.  Forest  and  Range 
Exp.  Sta.  Research  Note  No.  54.   5  p. 

2/  Gumming,  W.  C,  and  F.  I.  JUghter,;  1948.  Methods  used  to  control 
pollination  of  pines  in  the  Sierra  Nevada  of  California.   U.  S.  Dept.  Agr, 
Cir.  No.  792,.'  18  p. 
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humidity  (from  15  to  30  percent  relative  humidity)  it  should  be  a  highly 
"fluid"  dust.   Otherwise  it  is  advisable  to  reduce  its  moisture  content  by 
holding  it  in  a  desiccator  over  anhydrous  calcium  chloride  for  one  to  two 
days.   If  this  is  not  done,  the  mold  spores  germinate  (these  spores  cannot 
be  eliminated 'from  pollen  samples  by  present  methods).   Then  the  pollen 
sample  becomes  felted  into  a  lumpy  mass  by  the  growth  of  mold  mycelia. 
Such  pollen  is  of  little  or  no  value  for  controlled  pollinations. 

Combining  the  time  required  for  extraction  and  desiccation,  it  is 
usually  possible  to  ship  pine  pollen  from  one  to  seven  days  after  it  is 
collected.   The  extraction  techniques  used  at  the  Institute  of  Forest 
Genetics^  result  in  pollen  samples  of  high  purity  (with  the  exception 
of  mold  spores)  in  spite  of  the  fact  that  the  pollen  parents  are  almost 
invariably  surrounded  by  many  other  pines  of  the  same  or  different  species-,, 
many  of  which  are  shedding  pollen  freely  at  the  time  when  catkins  are  col- 
lected. 

Pressure  of  work  during  the  pollination  season  seldom  permits  tests 
of  pollen  germinability  immediately  following  pollen  extraction.   Much 
reliance  is  placed  on  the  physical  properties  of  the  pollen.   If  it  is  dry 
enough  to  act  like  a  fluid,  and  no  more  than  one  year  old,  pollen  is 
usually  highly  germinable.  Most  pine  pollen  shows  high  germinability  for 
many  months  following  extraction  if:  (l)  extraction  himidity  has  been  low 
eeough  to  prevent  molding  of  the  pollen;  (2)  pollen  has  been  stored  at  25 
percent  to  50  percent  relative  humidity  at  a  temperature  below  5°C  (41°F).^ 

Table  1  has  been  compiled  from  the  past  14  years'  breeding  records 
of  the  Institute  of  Forest  Genetics.   So  far,  systematic  and  comprehensive 
phenological  records  have  not  been  kept.   For  this  reason,  data  for  many 
of  the  pines  and  other  trees  growing  in  the  Eddy  Arboretinrp^  at  Placerville 
are  lacking. 

The  trees  in  the  Eddy  Arboretum  are  derived  from  trees  growing  in 
many  parts  of  the  Northern  Hemisphere.  When  known  with  any  degree  of  cer- 
tainty, the  original  sites  of  trees  from  which  pollen  producers  were  derivec 
are  given  in  Table  1.  Pollen  of  some  species  is  collected  from  "wild"  treei 
growung  at  the  original  site.   Pollen  of  other  species  is  collected  from 
trees  growing  in  the  Eddy  Arboretum  near  Placerville,  at  Berkeley,  and  at 
Fresh  Pond,  California. 

y   Duf field,  J.  W.,  and  A.  G.  Snow,  Jr.   1941.   Pollen  longevity  of 
Pinus  strobus  and  Pinus  resinosa  as  controlled  by  humidity  and  temperature. 
Amer.  Jour.  Bot.  28:  175-177. 

lJ   Weidman,  R.  H.   1947.   Trees  in  the  Eddy  Arboretum.   Calif.  Fores 
and  Range  Exp.  Sta.  Research  Note  No.  53.   8  p. 
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The  table  column  showing  the  number  of  years  in  which  pollen  was 
collected  is  a  rough  index  of  reliability. 

Figure  1  summarizes  the  dates  of  pollen  collection  for  the  fourteen 
pine  species  and  hybrids  from  which  pollen  has  been  collected  for  five  or 
more  years  in  the  Eddy  Arboretum.   Hie  horizontal  lines  extend  from  the 
earliest  to  the  latest  collection  date  for  each  species,  and  the  vertical 
bars  near  the  center  of  each  line  indicate  the  mean  collection  dates.   At 
the  earliest  and  latest  end  of  each  line  is  indicated  the  year  in  which 
the  record  for  earliness  or  lateness  for  the  species  was  made.   It  will 
be  noted  that,  generally,  194'7  was  a  year  of  early  pollen  shedding,  while 
I94S  was  a  year  of  late  shedding.   However,  the  data  for  P.  radiata  are 
exceptional;  194-S,  with  high  January  and  February  temperatures  but  low 
teniperatures  from  March  through  Jime,  produced  the  earliest  record  for 
P.  radiata  pollen  shedding. 

Figure  2  is  an  attempt  to  relate  pollen  shedding  dates  to  temperature, 
Three  years  were  selected  for  study:  1947,  a  year  of  early  shedding;  194^, 
a  year  of  late  shedding,  and  1949.   Pollen  collection  dates  were  recorded 
for  5  representative  species  and  hybrids  for  each  of  these  3  years.   From, 
thermograph  records,  corrected  by  semi-weekly  thermometric  readings,  mean 
daily  temperatures  were  computed.   These  are  plotted  for  the  period  March 
1  through  June  21  for  each  of  the  3  years.   To  establish  a  "normal"  curve 
of  mean  daily  temperatures,  the  following  procedure  was  followed^.   Mean 
daily  temperatures  for  the  periods  1929-1937,  inclusive^,  and  1947-49, 
inclusive,  were  averaged  for  the  period  March  1  through  June  21.   These 
averages  were  then  smoothed  by  means  of  computing  7-day  moving  averages. 
Finally,  a  free-hand  curve  was  fitted  to  these  averages.   The  resulting 
curve,  of  doubtful  climatological  value,  has  the  advantage  of  furnishing 
a  suggestive  standard  for  comparing  the  course  of  temperatures  in  different 
years.   This  "normal"  curve  is  plotted  with  the  mean  daily  temperature  for 
each  of  the  3  years.   It  is  obvious  that,  for  the  period  studied,  194S,  the 
year  of  late  pollen  shedding,  was  abnormally  cold,  whereas  1947  was  dis- 
tinctly warmer.   The  spring  of  1947  started  cool  and  approached  normal  as 
the  season  progressed.   Pollen  shedding  dates  are  quite  consistent  with 
these  curves,  with  the  exception  of  the  early  shedding  of  X  P.  attenuradiata 
pollen  in  194^.   This  is  no  doubt  a  result  of  the  relatively  high  January  - 
February  temperatures  in  1948.   The  late  shedding  of  pollen  by  this  hybrid 
in  1949  appears  to  be  the  consequence  of  low  temperatures  in  February, 

One  further  generalization  can  be  made  from  the  data  on  hand.   Pinus 
ponderosa,  on  the  west  slope  of  the  Sierra  Nevada,  grows  from  125  to  7,000 
feet  above  sea  level.   Pollen  collection  dates  for  trees  from  1,000  to  6,000 
feet  elevation  have  been  recorded.   From  these  data  a  mean  interval  of  8 
days  per  1,000  feet  difference  in  elevation  has  been  computed.   This  figure 
agrees  moderately  well  with  Hopkins'^  constant  of  4  days  for  each  4OO  feet 
difference  in  elevation. 

5/  Mirov,  N.  T.   1939.   Climatological  observations  at  the  Institute 
of  Forest  Genetics,  Placerville,  California,  from  1929  to  1937.   Unpublished 
manuscript,  Calif.  Forest  and  Range  Exp.  Sta. 

6/  Hopkins,  A.  D.   1918.   The  bioclimatic  law.   U.  S.  Dept.  Agr. 
Weather  Bureau;  Monthly  Weather  Review  -  Supplement  No.  9.   pp.  1-42. 
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Figure  1.-  Pollen  collection  dates 
for  species  collected  for  five  or 
more  years  in  the  Eddy  Arboretum. 


Figure  2.-  Pollen  shedding  dates  and  mean 
daily  temperatures  in  1947,  1948,  and  1949; 
and  "normal"  mean  daily  temperatures  (see 
page  3  ^or  derivation  of  normal  curves). 
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UNIVERSITY  OP  THF  ■ -™'^^^^^^^  ^^'^^  ^^  '^-^^^   HYBRIDS  MADE 

AT  TliE  INSTITUTE  OF  FOREST  GENETICS 


By  J.  W.  Duff ie Id  and  F.  I.  Righter 
Fcrest  Geneticists,  Cclifornin  Forest  and  Range  Experiniert  Station 


Pbe   '^■- /brids  produced  up  to  194  •  at  the  Institute  of  Fcrest 
Genetics  wex-e  lis"c.ed  in  a  recent  pu  licaticxi  to  acquaint  plant  breeders 
a"d  bct.-nists  with  the  prcgress  of  the  hybridisr't.io.o  wcri  (7)i/. 
Nuii.ei'ous  reqr.es-cs  for  informatici;.  about  pine  hybrids  indicate  that  a 
ujffere_,t  t^pe  i£   publication  on  the  pine  hy--nldizaticn  progra:,,  is 
■ioeded;  nanely,  a  list  of  the  hybrids  by  coiunon  ntuaes  of  their  parental 
species,  giving  a  digest  of  oi'X  present  In-^owledge  obtained  from  results 
of  tests  conducted  at  the  Instit^^.te  and  elsewhere  and  our  surmises 
ajcut  the  regions  where  the  hybrids  may  be  of  valine.   Tliis  paper  is 
directed  at  that  need. 


Most  plant  hybrids  cai  be  expected  tc  be  intermediate  bet\/een 
their  parent  species  in  most  quantitative  characters.   Sometimes 
hybrids  resemble  one  parent  in  a  certain  character,  such  as  resistance 
to  the  pine  reproduction  weevil  which  the  Jeffrey-Coulter  pine  hybrid 
inlierits  from  Coulter  pine  (Z_) .   Less  frequently,  a  hybrid  m.ay  exceed 
both  parents  in  rate  of  growth  or  some  other  quantitative  character. 
TJiis  phenomenon  is  Lniown  as  hybrid  vigor.   Even  the  trul;;  intermediate 
h^'brid  may  have  some  advantages.   It  may,  for  exanple,  be  able  to 
tolerate  the  adverse  climate  tc  which  its  slower -growing  parent  is 
adapted  and  in  which  its  faster-growing  parent  cannot  survive.   Thus 
almcst  anj-  hybrid  has  potential  value  and  mierits  at  least  sniall-scale 
testing  in  the  appropriate  regions. 


1/  Numbers  in  parentheses  refer  to  bibliography  at  end  of 
paper . 
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Suggestions  given  here  on  geographic  and  climatic  adaptaoility 
should  he  recognized  merely  as  suggestions.   They  are  often  based  not 
on  actual  trials  or  careful  studies  of  comparative  climatology,  but 
on  information  aboiit  adaptation  of  pine  species  in  various  parts  of 
the  world  gleaned  from  the  literature  and  from  conversations  with 
visiting  foresters  from  virtually  every  major  coniferous  forest 
region  of  the  world. 

With  regard  to  the  availability  of  hybrid  seed  for  testing  or 
large  scale  planting  by  others,  some  explanation  of  the  Institute's 
situation  and  policies  is  necessary.   The  Institute  wishes  to  get 
comprehensive  information  on  the  economic  possibilities  of  the  hybrids 
which  perform  well  at  Placerville.   This  information  would  in  the 
future  enable  the  Institute  and  other  breeding  agencies  to  breed  for 
specific  purposes  with  greater  precision  than  would  otherwise  be 
possible.   Such  information  can  be  obtained  only  frcm  tests  estab- 
lished on  suitable  sites  in  various  regions  in  the  United  States  and 
in  foreign  countries  by  cooperators  having  the  knowledge,  facilities, 
and  resources  requisite  for  properly  conducting  the  tests.   This  means 
that  the  objectives  and  methods  must  be  clearly  understood  and  agreed 
to  in  advance ;  that  the  cooperator  must  have  both  control  over  the 
area  involved  and  the  personnel  and  means  with  which  to  maintain  the 
test  and  obtain  the  desired  data  on  performance.   As  research  insti- 
tutions are  best  qualified  in  those  respects,  the  Institute  favors 
them  as  cooperators;  and  accordingly  most  of  its  cooperative  field 
tests  are  being  conducted  by  other  Forest  Service  experiment  stations 
and  by  other  research  and  educational  institutions.   Wood-using  and 
timber -growing  industries  and  other  private  parties  having  the 
requisite  resources  are  welcomed  as  cooperators  when  seed  is  available. 
No  administrative  procedure  has  been  set  up  to  enable  the  Institute  to 
make  its  products  available  for  other  than  scientific  purposes,  except 
to  the  U.  S.  Forest  Service. 

Unless  otherwise  stated,  all  tests  so  far  made,  have  been  con- 
ducted at  the  Institute  of  Forest  Genetics  at  Placerville,  California, 
latitude  39°  north,  longitude  121°  west,  altitude  2700  feet  above  sea 
level.   Temperatiore  and  precipitation  data  are  as  follows: 
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Temperature  and  Precipitation 
Institute  of  Forest  Genetics 


:Max. 

temp. 

:Mean 

temp. 

:Min. 

temp. 

: Precipitation 

: Snowfall 

Month 

:  1929-37 

;  1929-3'^ 

:  1929-37 

:   1930-37 

:  1928-37 

Of. 

Of. 

Of. 

Inches 

Inches 

January 

48 

.8 

41 

6 

34 

.5 

7 

.36 

14 

.40 

February 

53 

.4 

45 

1 

36.9 

7 

02 

1 

54 

March 

59 

.5 

50 

1 

40 

7 

4 

.42 

0. 

63 

April 

63 

.9 

53 

8 

43 

7 

3 

.02 

_ 

May 

71 

.8 

60 

5 

49 

5 

1 

.60 

- 

June 

80 

6 

68 

.3 

56 

0 

0 

.87 

- 

July 

90 

.7 

77. 

.5 

64 

.3 

0 

.01 

_ 

August 

89 

.8 

77 

.2 

64 

7 

- 

- 

September 

82 

.0 

69 

8 

57 

6 

0 

.26 

- 

October 

72. 

6 

62 

0 

51 

.5 

2 

.05 

_ 

November 

61 

.6 

52 

5 

43 

8 

3 

.24 

0 

.61 

December 

53 

0 

45 

5 

37 

.9 

6 

.05 

5 

.51 

Year 

69 

0 

5^ 

.7 

48 

.4 

35 

.90 

22 

.70 

The  outstanding  features  of  this  climate  are  long  dry  suinmer,  mild 
rainy  winter,  and  occasionally  20  inches  or  so  of  heavy,  wet  snow  which 
damages  certain  of  the  introduced  pines.   The  soil  at  the  Institute, 
Aiken  clay  loam,  has  a  rather  high  moisture -holding  capacity,  and  despite 
the  long  summer  drought,  moisture  is  available  to  tree  roots  in  the  lower 
horizons.   Pot  culture  tests  have  shown  that  the  levels  of  available 
phosphorus  a^id  nitrogen  in  Aiken  clay  loam  are  rather  low.   The  conifers 
growing  spontaneously  at  the  Institute  are  Pinus  ponder os a  Laws.,  P, 
sabinlana  Dougl,,  P.  lambertiana  Dougl.,  Pseudotsuga  taxifclic'  (P  ir.) 
Britton,  and  Libocedrus  decurrens  Torr. 

In  the  annotated  list  which  follows,  the  name  of  the  seed-parent 
species  is  given  first,  the  pollen  parent  second,   English  names  are  those 
given  in  Standardized  Plant  Names  (2) .   The  year-date  which  follows  is 
the  year  in  which  the  cross  was  first  successfully  made  at  the  Institute. 
The  list  is  not  a  complete  catalogue  of  hybrids  produced  at  the  Institute 
of  Forest  Genetics  (hereafter  abbreviated  as  IFG) — some  hybrids  unlikely 
to  have  practical  value  are  omitted. 
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1.  KNOBCONE  X  MONTEREY  (P.  attenuata  Lamm,  x  radlata  D.  Don).   1927. 

Described  as  x  P.  atterjui'adiata  Stockwell  and  Righter  (2.)« 
Occurs  spontaneously  in  Santa  Cruz  County,  California.   The  cross 
made  at  IFG  utilized  the  economic ally -unimportant  Sierra  foothill 
race  of  knobcone  pine,  which  is  more  cold-resistant  but  less  vigor- 
ous than  Monterey  pine  and  the  coastal  forms  of  knobcone  pine. 
Hybrid  is  intermediate  between  the  parents  in  growth-rate,  cold- 
resistance,  stem-form,  and  flowering-time  (9). 

Should  be  tested  up  to  3>000  feet  on  the  west  slope  of  the 
Sierra  Nevada  against  ponderosa  pine,  and  its  more  promising 
hybrids  and  against  other  commercially  important  species  of  forest 
trees.  At  IFG  the  Monterey-knobcone  hybrid  appears  to  outgrow 
ponderosa  pine  by  at  least  10  percent  in  height  and  diameter  up 
to  23  years  (present  age  of  oldest  hybrids).   Should  also  be 
tested  up  to  3>000  feet  in  the  Coast  Ranges  on  ponderosa  pine  and 
Douglas  fir  sites.   Should  be  of  value  on  colder  margins  of  areas 
where  Monterey  pine  is  grown  successfully  (e.g.  Australia,  New 
Zealand,  South  Africa,  Spain,  Portugal,  Chile,  Argentine), 

Wood  tested  at  Forest  Products  |iaboratory  (l)  was  roughly 
comparable  to  that  of  ponderosa  pine  in  density  and  longitudinal 
shrinkage . 

2.  KNOBCONE  x  BISHOP  (P.  attenuata  x  muricata  D.  Don).   19-46. 

In  early  tests  at  IFG  appears  to  outgrow  both  parents.   Stem 
form  unknown.  No  recommendations  for  use  can  be  made  at  present. 

3.  SHORE  (closely  related  to  lodgepole  pine)  x  JACK  (P.  contorta 
Dougl.  X  banksiana  Lamb.).  ""1946. 

In  early  tests  at  IFG  outgrows  shore  pine  and  equals  jack 
pine.   Depending  on  development  of  market  for  shore  pine  as  source 
of  pulpwood,  this  may  be  of  value  in  coastal  Oregon,  Washington, 
and  British  Columbia;  possibly  also  in  British  Isles,  coastal 
Norway,  and  Belgium.   Stem  form  unknown. 

4.  LODGEPOLE  x  JACK  (P.  contorta  var.  latifolia  Engelm.  x  banksiana). 
1939. 

Occurs  spontaneously  in  Alberta  (5.) .   Described  as  x  P. 
mur r aybanksiana  Righter  and  Stockwell  (6).   In  tests  at  IFG, 
central  Wisconsin,  northern  Idaho,  and  eastern  Massachusetts,  out- 
grows California  lodgepole  in  height  and  diameter.   Early  growth 
about  equal  to  that  of  jack  pine,  but  in  several  localities,  after 
several  years,  the  jack  pine  falls  behind  the  hybrid.   Produces 
cones  in  third  or  fourth  year.   Should  be  valuable  for  pulpwood 
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production.   Should  be  tested  in  Pacific  Northwest,  northern  Rocky- 
Mountains,  Lake  States,  northern  New  York,  New  England,  and  Ontario, 
Quebec,  and  Maritime  Provinces  of  Canada.   Likewise  in  British 
Isles,  northern  Europe,  northeast  Asia,  and  those  parts  of  Australia 
and  New  Zealand  where  lodgepole  pine  has  been  successful. 

5.  SANTA  CRUZ  ISLAND  x  MONTEREY  (P.  remorata  Mason  x  radiata) .   1942. 

Grows  at  about  the  same  rate  as  both  parent  species.  Has 
good  form.   This  hybrid  should  be  tested  as  a  potential  replacement 
or  alternative  type  wherever  Monterey  pine  is  used.   Tests  should 
include  resistance  to  insects  such  as  Sirex  noctilio,  spider  mites, 
and  other  pests  which,  in  certain  localities,  impair  the  productivity 
of  Monterey  pine. 

6.  JEFFREY  x  COULTER  (P.  jeffreyi  Grev.  &  Balf.  x  coulteri  D.  Don). 
1944. 

Occurs  spontaneously  wherever  parent  species  occur  together. 
In  tests  at  IFG  outgrows  Jeffrey  pine  and  is  somewhat  slower  growing 
than  Coulter  pine.   So  far,  this  cross  has  yielded  very  low  propor- 
tions of  sound  seeds.   Therefore,  the  backer oss  hybrid  listed  below 
is  considered  of  greater  practical  importance. 

7.  JEFFREY  x  (JEFFREY-COULTER)  (P.  .ieffreyi  x  (.ieffreyi  x  coulteri)). 
1939. 

Pollen  from  a  natural  hybrid  (10).   Yields  of  seed  of  this 
backcross  are  very  high.   Cage-tests  at  IFG  suggest  that  this  hybrid 
is  more  resistant  than  Jeffrey  pine  to  the  pine  reproduction  weevil 
which  has  caused  high  mortality  in  plantations  of  Jeffrey  and  ponderosa 
pinee  in  northern  California.   Preliminary  results  of  uncaged  tests 
in  localities  in  northern  California,  where  the  insect  abounds,  give 
weight  to  the  suggestion.   The  hybrids  grow  at  approximately  the  same 
rate  as  ponderosa  pine,  and  have  equally  good  stem  form  and  branching 
habits.   In  view  of  the  susceptibility  of  ponderosa  pine  to  the  pine 
reproduction  weevil,  th^se  circumstances  combine  to  make  this  back- 
cross  the  most  promising  hybrid  yet  produced  for  use  in  the  California 
region.   It  is  therefore  being  tested,  under  field  conditions,  through- 
out the  California  pine  region.   It  may  not  offer  any  advantage,  however, 
in  comparison  with  ponderosa  pine  in  regions  not  infested  with  the  pine 
reproduction  weevil. 

8.  PONDEROSA  x  APACHE  (P.  ponderosa  x  latifolia  Sarg. ) .^  1943. 

This  hybrid  outgrows  both  parent  species,  and  is  of  great  promise 
for  use  in  the  California  pine  region,  and  perhaps  in  southwestern 
U.S.  and  northern  Mexico.   It  is  susceptible  to  attacks  of  the  pine 
reproduction  weevil  but,  due  to  its  greater  vigor,  it  outgrows  suscep- 
tibility to  the  insect  more  quickly  than  does  ponderosa  pine. 
Nevertheless,  steps  are  being  taken  to  introduce  reproduction  weevil 
resistance  from  Coulter  pine. 
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9.   PONDEROSA  x  ARIZONA  (P.  ponderosa  x  ponderosa  var.  arizonica 
(Engelrn.)  Shaw).   1946. 

This  hybrid  slightly  outgrows  ponderosa  in  height.   Its  early 
performance  in  plantations  at  6,000  feet  on  the  Stanislaus  National 
Forest  in  California  is  excellent.   It  should  be  tested  throughout 
the  California  pine  region,  in  southwestern  U.S.,  and  in  northern 
Mexico. 

10.  PONDEROSA  x  MONTEZUMAE  (P.  ponderosa  x  montezumae  Lamb.).   1946. 

In  nursery  tests  at  Placerville,  this  hybrid  outgtows  ponderosa 
in  height.  It  should  be  tested  throughout  the  California  pine  region, 
in  southwestern  U.S.,  and  in  northern  Mexico. 

11.  COASTAL  PONDEROSA  x  ROCKY  MOUNTAIN  PONDEROSA  (P.  ponderosa  x  ponderosa 
var.  scopulorum  Engelrn. ) .   1941- 

The  hybrid  outgrows  the  Rocky  Mountain  variety  and  equals  the 
coastal  and  Sierra  Nevada  forms  in  tests  at  IFG.   It  may,  therefore, 
merit  trial  in  the  Rocky  Mountain  and  Black  Hills  regions  where  its 
cold-hardiness  must  be  tested.      , 

12.  SHORTXEAF  x  SLASH  (P.  echinata  Mill,  x  caribaea  Morelet).   1931. 

In  tests  at  IFG  appears  to  have  narrower  crown  and  finer 
branches,  than  shortleaf .   Potential  value  seems  to  be  in  putting  a 
faster  growing,  better  formed  tree  on  shortleaf  pine  sites  to  the 
north  and  W^st  of  natural  distribution  of  slash  pine.  May  prove  to 
have  some  value  in  developing  a  pine  more  resistant  to  fusiform 
rusts  than  slash  pine,  in  which  case  it  may  be  of  importance  in  the 
general  range  of  slash  pine.   Should  be  tested  in  areas  to  north 
and  west  of  natural  distribution  of  slash  pine. 

13.  SHORTLEAF  x  LOBLOLLY  (P.  echinata  x  taeda  L.).   1933. 

According  to  unpublished  observations,  occurs  spontaneously 
in  east  Texas  and  perhaps  elsewhere.   In  tests  at  IFG  outgrows 
shortleaf  in  height  and  diameter  by  about  10  percent,  and  has  shown 
great  resistance  to  cold  in  southern  Illinois.  May  be  of  value  on 
shortleaf  sites.   Should  be  tested  throughout  natural  distribution 
of  shortleaf  pine. 

14.  PITCH  X  LOBLOLLY  (P.  rigida  Mill,  x  taeda).   1933. 

This  hybrid  grows  faster  and  has  better  form  than  pitch  pine 
but  in  tests  in  Maryland  has  seemed  inferior  to  loblolly.   It  has 
outgrown  loblolly  pine  in  New  Jersey,  and  shortleaf  pine  in  southern 
Illinois  where  it  appears  to  be  more  frost  resistant  than  both  lob- 
lolly and  shortleaf  pine.   It  should  be  tested  north  of  the  distri- 
bution range  of  loblolly  pine  in  pitch  pine  areas,  and  in  Illinois 
where  it  may  produce  a  tree  of  better  form  and  faster  growth  than 
pitch  pine. 
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15.  LOBLOLLY  x  SLASH  (P.  taeda  x  caribaea).   1931. 

In  small  test  at  IFG,  this  ]:r;orid  appears  to  have  3orue\/hat 
better  form  than  lo'bloll;:;^   May  be  valuable  in  brijiging  a  better- 
formed,  faster-grov/ing  tree  into  the  lobloll;y  region,  and  in 
breeding  a  slash  pine  more  resistant  to  fusiform  rust.   Should  be 
tested  throughout  the  loblolly  pine  region. 

16.  SUGAK  X  AEMAND'S  (P.  lambertiana  x  arm.andi  Fi'-anch.).   1947. 

Yields  of  seed  following  this  cross  are  very  lov/.   Never- 
theless, as  Armand ' s  pine  is  highly  resistant  to  blister  rust,  this 
hybrid  may  be  of  value  in  developing  blister-rust-resistant  sugar 
pine.   The  first  tests  v/ill  be  inoculation  or  exposure  tests  to 
determine  the  degree  of  blister-rust  resistance  of  this  hybrid. 

17.  SUGAE  X  KOREAN  (P.  lambertiana  x  koraiensis  Sieb .  &  Zucc).   1947. 

This  cross,  likewise,  is  difficult  to  make;  so  far  only  one 
seedling  has  been  produced.   As  Korean  pine  is  highly  resistant  to 
blister  rust,  this  hybrid  should  also  be  of  value  in  developing 
blister-rust-resistant  sugar  pine,  and  promises  to  be  more  cold 
resistant  than  the  sugar  x  Armand 's  hybrid. 

18.  WESTERN  WHITE  x  EASTERN  WHITE  (P.  monticola  Dougl.  x  strobus  L.). 
1939. 

This  hybrid  is  of  special  interest  because  it  has  outgrown 
both  parent  species  in  numerous  tests  made  at  lEG.   Several  geo- 
graphic races  of  both  parent  species  have  been  used  in  this  cross, 
alx-zays  resulting  in  vigorous  hybrids.   Therefore,  this  hybrid  should 
be  tested  throughout  the  distribution  ranges  of  ooth  parent  species. 
The  finding  in  both  species  of  individuals  which  are  apparently 
resistant  to  blister  rust  (2}.,  (8),  inspires  hope  that  vigorous 
resistant  hybrids  will  soon  be  produced. 

19.  l#:STERN  WHITE  x  HIMALAYAN  WHITE  (P.  monticola  x  griffithi  McGlell.). 
1942. 

This  hybrid  outgrows  western  white  pine  and  appears  to  be  less 
susceptible  to  blister  rust  than  that  species.   The  hybrid  grows  at 
about  the  same  rate  as  Himalayan  white  pine,  but  is  more  drought 
resistant.   The  hybrid  should  be  tested  throughout  the  distribution 
range  of  western  and  eastern  white  pines,  but  may  not  be  completely 
cold  hardy  in  the  colder  parts  of  these  regions. 
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20.  WESTERN  WHITE  x  BALKA.N  WHITE  (P.  monticola  x  peuce  Griseb.).   1947. 

This  hybrid  grows  no  faster  than  western  white  pine  but  may 
combine  cold  hardiness  and  moderate  resistance  to  blister  rust.   Tests 
of  its  susceptibility  to  blister  rust  must  precede  tests  of  its  growthj! 
in  the  field. 

21.  WESTERN  WHITE  x  (BALKAN  WHITE  x  EASTERN  WHITE)  (P.  monticola  x  (peuce 
X  strobus) ) .   1946. 

This  hybrid  grows  at  about  the  same  rate  as  the  vigorous  wester 
white  X  eastern  white  hybrid.  Its  value  will  depend  on  the  outcome  of 
blister-rust-resistance  tests. 

22.  LIMBER  x  HIMALAYAN  WHITE  (P.  flexilis  James  x  griffithi).   1947. 

In  early  test  at  IFG  outgrows  limber  pine  by  100  percent  in 
height.   Should  be  of  value  as  a  blister-rust-resistant  ornamental 
white  pine  with  greater  cold  resistance  than  Himalayan  white  pine. 
Should  be  tested  for  both  rust  and  cold  resistance.  Value  as  a  timber 
tree  cannot  yet  be  estimated,  but  its  rate  of  growth  is  extremely 
rapid  for  white  pine . 

23.  EASTERN  WHITE  x  HIMALAYAN  WHITE  (P.  strobus  x  griffithi).   1940. 

This  hybrid  has  shown  good  resistance  to  blister  rust  in  a 
rigorous  exposure  test  in  Oregon.  It  outgrows  eastern  white  pine 
and  is  about  equal  to  Himalayan  white  and  should  be  tested  in  the 
distribution  ranges  of  eastern  and  western  white  pines  as  well  as 
in  those  parts  of  Europe  where  the  good  growth  of  eastern  white 
pine  is  offset  by  its  blister  rust  susceptibility. 
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EFFECTS  OF  GROUND  COVER  AND  CLASS  OF  PLANTING  STOCK  ON  SURVIVAL  OF 
TRANSPLANTS  IN  Ttffi  EASTS IDE  PINE  TYPE  OF  CALIFORNIA 


By 

Do  F,  Roy 

When  the  forester  finds  planting  necessary  to  regenerate  an  area  he 
should  know  which  species  and  class  of  planting  stock  is  best  suited  to  his 
I  particular  operation.   He  should  also  weigh  the  expected  successes  on  various 
locations  which  could  be  planted.  Through  such  a  procedure  the  best  planting 
locations  will  be  given  priority  and  the  best  results,  measured  by  survival 
and  growth,  will  be  obtained  from  the  efforts  expended.  A  test  conducted  at 
the  Blacks  Mountain  Experimental  Forest,  an  area  typical  of  the  California 
east side  pine  type,  has  shown  that  survival  of  ponderosa  pine  (Pinus  ponderosa 
Laws.)  and  Jeffrey  pine  (P„  .I'effreyi  Grev.  and  Balf . )  planting  stock  is 
strongly  affected  by  the  vegetation,  logging  slash,  and  stoniness  of  the 
ground  at  the  points  where  the  trees  are  planted. 

In  this  experiment  1,200  trees  were  planted  in  the  spring  of  1951  on 
recently  cutover  land  of  various  aspects „   An  equal  number  of  ponderosa  pine 
and  Jeffrey  pine  were  planted,  half  of  each  species  being  1-0  and  half  1-1 
nursery  stock.   In  planting,  the  trees  were  spaced  6x6  feet  in  a  randomized 
block  design.   This  note  reports  the  results  after  two  years „ 

Survival  by  Species  and  Classes  of  Planting  Stock 

Survival  rates  for  the  various  types  of  planting  stock  were  con- 
4  siderably  different,  becoming  greater  with  time  (figure  1  and  following 
I  tabulation) . 


Percent  survival 


Planting  stock 

Ponderosa  pine  1-1 

Jeffrey  pine  1-1 

Jeffrey  pine  1-0 

Ponderosa  pine  1-0 
All 


First  year 

Second  year 

67 

60 

52 

47 

48 

39 

42 

30 

52 

44 

*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA. 




1 

t— 1               3 

•  ?  ! 

1 

,— 1 

«  .^  / 

0 

ine 

c 

•H 

•X)         a; 

ft 

P          R 

\      ft  J 

•H             -H 

p:( 

ft             ft 

C/J    , 

ra 

o 

;>.       :  . 

o  1 

u 

(U          a;  1 

?H     / 

CO 

Th            ?h  I 

^.\ 

-ci 

■^l       ^-1 1 

fl 

"      —  (a\ a;,' 

'<^   \ 

o 

a, 

1 

/ 

1 

/ 
1 

1 

\ 

1 

\         \ 

1 

1        / 

1 

1        ) 

1 

/ 

1 

1 

1 

/ 

/ 

1 

'>. 

/ 

\ 

U-N 

1 

(T 

\ 

1 

1 

1 

f 

•    1 

/ 

1 

r-H 

/ 

, 

UA 

/ 

1 

O^ 

1        1 

nH 

1     ' 

1        1 

/       / 

'      / 

1 

/ 

I 

/ 

— r 

/ 

/                    /' 

/ 

4 

Jl 

/ 

7 

^  y 

r 

/ 

</^  ^ 

/ 

y 

Y  y 

/ 

y 

/^ 

-- 

/  i 

j.^_^ 

y 

->>-^ 

^^^              ^j 

^*^^ 

^^ 

X 

_^,'''^  ^^» 

<^^^' 

^  ^^'^' 

'^ 

.y'^^ 

^ 

.x^^     ^ 

<^^    ^ 

V       **• 

y^^^ 

^^ 

yV^^-^ 

//    ' 

//   ' 

1/  ' 

//  ' 

1  / 

'/ 

7 

r 

9  %^0 


CD 

o 


o 


o 
w 


o 


C 


o 


o 


O 


-2- 


g-r    URf        I 


I    AON 

9   l^£ 
9  unf 


61  J^V 


o 

C\i 


o 


o 


Ponderosa  pine  1-1  stock  had  the  best  first-  and  second-year  survival;, 
and  Jeffrey  pine  1-1  stock  was  second  oest,,  According  to  variance  analyses 
the  difference  in  survival  between  age  classes  of  stock  was  significant  for 
the  first  year  and  highly  significant  the  second  year„  Differences  between 
species  were  not  significant.   The  better  average  survival  of  transplants  is 
consistent  with  general  experience  in  California  so  the  results  do  not  alter 
recommendations  for  choice  of  planting  stock. 

Effects  of  Ground  Conditions  Upon  Survival 

Observations  concerning  the  effect  of  particular  habitat  where  each 
tree  was  planted  add  more  to  our  understanding  of  factors  affecting  success 
in  planting  than  does  the  performance  of  types  of  planting  stock. 

To  secure  habitat  data  the  ground  conditions  and  the  density  of  cover 
were  classified  after  planting  for  each  4x4  foot  area  surrounding  the  tree,. 
The  surface  conditions  were  (a)  bare  mineral  soil,,  (b)  slash^  (c)  stones, 
(d)  squaw  carpet  (Ceanothus  prostratus  Benth, ) .,  (e)  other  shrubG  (including 
comjnon  sagebrush,  Artemisia  tridentata  Nutt„);»  a^id  (f)  grass  or  sedge  (Carex 
rossii  Booth, )o  A  planted  spot  was  classified  as  having  a  light  cover  if 
only  1  to  25  percent  of  the  area  was  covered;  medium  if  26  to  50  percent; 
heavy  if  51  to  75  percent;  and  very  heavy  if  76  to  100  percent  was  covered. 

On  the  average,  the  trees  survived  best  on  bare  soil  which  had  no 
stones;  second  best  under  slash;  third  on  open  stony  ground;  fourth  in  shrub 
cover;  fifth  in  grass  and  sedge;  and  last  in  sqaw  carpet  (table  l)^   The 
density  of  the  stones  or  ground  cover  also  affected  survival,.   For  example;, 
planted  spots  with  light  slash  had  the  best  survival,  but  spots  covered  with 
heavy  slash  had  relatively  low  survival. 

The  differences  in  survival  appear  to  be  associated  chiefly  with 
differences  in  soil  moisture  supply.   Vegetation  depletes  the  soil  moisture, 
and  stones  lessen  the  moisture-holding  capacity  of  the  soil  mass.   Heavy 
slash  makes  it  difficult  for  the  planter  to  prevent  surface  debris  from 
dropping  into  the  planting  holCo  This  debris  is  generally  dry,  and,  there- 
fore, reduces  the  moisture  immediately  available  to  the  newly  planted  tree. 
Debris  may  also  cause  air  pockets  and  excessive  drying. 

Slash  also  provides  shelter  for  rodents,  making  convenient  places  for 
feeding  on  the  young  trees.  Browsing  rodents  killed  a  significant  number  of 
planted  stock. 
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Table  1. — Second-year  survival  of  planted  stock  by  ground 
conditions  and  density  of  cover 


Ground  condition 


Survival  when  stones  or  ground  cover  was 


0 


inoael 


1-25 
(very 
light) 


;26  -  50  :  51  -  75 
:  (light):  (heavy) 


76  -  100 
(very 
heavy) 


All 


percent 


Bare            56  (239)^ 

— 

-■- 

— 

-MitM* 

56  (239) 

Slash 

63  (  83) 

55  (  91) 

48  (50) 

31  (16) 

55  (240) 

Stones            — 

47  (257) 

44  (152) 

38  (71) 

21  (56) 

42  (536) 

Shrubs 

45  (  11) 

38  (  13) 

17  (  6) 

0  (  1) 

35  (  31) 

Grass  and  sedge 

35  (  60) 

9  (  47) 

0  (31) 

0  (  6) 

17  (144) 

Squaw  carpet 

0  (  4) 

0  (  5) 

0  (  1) 

__ 

0  (  10) 

All             56  (239) 

51  (654) 

41  (308) 

33  (159) 

22  (79) 

44  (l,20ii) 

1/  Numbers  in  parenthes 

es  show  the  number  of  planting 

spots  in 

each 

ground  condition  and  density 

classification. 

Statistical  Analyses 

Statistical  analyses  indicate  that  survival  percentages  depend  upon 
ground  conditions  and  the  type  of  stock  planted.   For  comparisons  (Chi- square) 
of  survival  for  different  habitat  conditions  the  data  were  grouped  into  five 
ground  condition-density  classes:   (a)  bare,  (b)  light  non-living  cover  or 
stoniness  (1-50  percent),  (c)  heavy  non-living  cover  or  stoniness  (51-100 
percent),  (d)  light  living  cover  (1-50  percent),  and  (e)  heavy  living  cover 
(51-100  percent). 

After  two  years,  differences  between  ground  condition  classes  were 
either  significant  or  highly  significant  for  every  type  of  planting  stock 
with  one  exception — Jeffrey  pine  1-0  stock  (table  2),  Differences  in 
survival  were  highly  significant  between  types  of  stock  planted  in  spots 
without  vegetation;  but  under  light  or  heavy  vegetative  cover^  where  survival 
was  universally  poor,  differences  between  planting  stock  were  not  significant. 
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CONCLUSIONS 

Planting  locations  should  be  selected  carefully.   Stony  and  grassy  areas 
should  not  be  planted  if  more  suitable  places  also  need  planting.   If  grassy, 
shrubby,  or  slash-covered  sites  must  be  planted  they  should  be  prepared  by 
scarification,  slash  disposal,  or  other  appropriate  treatment. 

Even  in  favorable  planting  areas,  tree  planters  should  be  taught  to 
select  the  best  spots  to  plant,  rather  than  be  guided  by  mechanical  spacing 
alone.  Small  patches  of  grass  or  other  vegetation  should  be  avoided,  as  well  as 
very  stony  spots,  or  areas  of  heavy  slash. 


Agriculture — Berkeley 
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DEVELOPMENT  OF  HIGH-RISK  TREES 
IN  PONDEROSA  AND  JEFFREY  PINE  STANDS 
FOLLOWING  SANITATION- SALVAGE  CUTTING 

By  Malcolm  M.  Furniss^  Entomologist 
and  William  E.  Hallin^  Forester 


Sanitation- salvage  cuttings,  which  remove  the  trees  most  suscept- 
ible to  attack  by  bark  beetles  (high-risk  trees ),  have  been  very 
effective  in  reducing  losses  caused  by  the  beetles  in  ponderosa  and 
Jeffrey  pine  stands.   In  studies  on  the  Blacks  Mountain  Experimental 
Forest,,  Bongberg  L'   found  that  the  cumulative  reduction  in  insect- 
caused  losses  was  more  than  70  percent  for  a  10-year  period  following 
sanitation-salvage  cutting.   More  recent  data  from  the  experimental 
forest  indicate  that  losses  are  reduced  for  15  or  more  years  after 
the  cutting. 

Another  question  at  least  as  important  to  the  owner  as  the  length  of 
time  that  losses  are  reduced  is  how  many  new  high-risk  trees  develop 
before  the  second  cutting.   The  general  situation  in  eastside  pine 
is  that  the  initial  sanitation-salvage  cuttings  over  a  working  circle 
or  property  are  taking  about  15  to  20  years.   At  the  end  of  the  first 
cutting  cycle,  when  the  second  cutting  begins,  some  other  type  of 
cutting,  such  as  unit  area  control  — '  probably  will  be  employed.   How- 
ever, the  quantity  of  new  high-risk  trees  that  have  developed  must  be 
taken  into  account  by  the  manager  in  calculating  what  other  timber  he 
should  harvest  while  holding  to  a  fixed  allowable  cut. 


l/  Bongberg,  J.  W.   Results  of  10  years  of  bark  beetle  control 
by  logging  high-risk  trees.  Blacks  Mountain  Experimental  Forest, 
Lassen  County,  California.   Forest  Insect  Laboratory,  Berkeley, 
California  (manuscript  report).   l8  pp.   May  6,  19^9* 

2/  Hallin,  W«  E.   Unit  area  control  --  its  development  and 
application.   Calif.  Forest  and  Range  Exp.  Sta.  Misc.  Paper  l6. 
10  pp.   October,  195^. 


The  Colifornio  Forest  and    Ronge  Experiment  Station  is   nnointained   ot   Berkeley  in  cooperation  with  the  University  of  California. 


The  number  of  high-risk  trees  that  develop  during  the  15  or  20  years 
after  the  first  sanitation-salvage  cut  was  determined  by  a  study  made 
in  195^«  Four  compartments  on  the  Blacks  Mountain  Experimental  Forest^ 
where  sanitation-salvage  cutting  had  been  conducted^  were  the  site  for 
this  study.   Two  of  the  compartments  had  been  cut  in  1937  and  two  in 
1938^  leaving  only  the  low-risk  trees.   These  trees  were  reclassified 
as  to  risk  in  195^5  consequently,  the  results  show  the  development  of 
high-risk  trees  for  periods  of  I6  and  17  years  after  sanitation- 
salvage  cutting. 

In  195^  high-risk  trees  averaged  1,110  board  feet,  or  one  high-risk 
tree  per  acre  (table  l);  at  the  time  of  cutting,  high-risk  trees 
averaged  3^000  board  feet,  or  2.7  trees  per  acre.   In  195^  high- 
risk  trees  made  up  7 ■'7  percent  of  the  estimated  stand  volume.   In 
contrast,  at  the  time  of  cutting  in  1937  and  193^  high-risk  trees 
made  up  17.2  percent  of  the  virgin  stand  volume.   The  volume  of 
high-risk  trees  present  I6  and  17  years  after  cutting  was  only  37 
percent  as  great  as  in  the  virgin  stand  before  cutting. 

We  can  conclude  that  in  stands  similar  to  those  at  Blacks  Mountain 
about  1,100  board  feet  per  acre  of  high-risk  trees  may  be  expected 
at  the  second  cutting  15  to  20  years  after  a  sanitation-salvage 
cutting.   This  still  represents  a  considerable  reduction  in  high- 
risk  trees  in  comparison  with  uncut  stands. 


Table  1. --Volume  and  number  of  high-risk  trees  — /  at  the  time  of 


sanitation-salva 

Lge  cutting 

and  16 

and 

17  years 

later 

Compart- 
ment 

Area  : 

Original 
stand  —1 
volume 
per  acre 

:High-risk 
:the  time 
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trees  at 
of  cutting 
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: High-risk  trees  I6  & 
:17  yrs.  after  cutting 
: Volume      Number 
:per  acre    per  acre 

acres 

bd,  ft. 

bd.  ft. 

bd.  ft. 

G  2-1^ 

81,3 

17,480 

2,740 

2.4 

770 

1.1 

G  8-10 

63.4 

19,210 

2,680 

1.9 

1,180 

1.0 

B  25-1 

112.7 

16,310 

2,590 

2.5 

1,500 

1.3 

B  27-^ 

95.7 

17,460 

3,890 

3.8 

880 

.6 

All 

353.1 

17,460 

3,000 

2.7 

1,110 

1.0 

1/  Risk  3  and  4  ponderosa  and  Jeffrey  pine. 
2/  Pine  only. 
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K-SCREEN  SEED  SPOTS-^ 
D.  F.  Roy  and  G.  H.  Schubert 


A  new  type  of  protective  screen  for  seed  spots  has  attracted  the 
attention  of  foresters  on  the  Pacific  coast.   This  screens/  is  cylindri- 
cal in  form,  4  inches  long,  about  1  inch  in  diameter,  and  is  formed  from 
8~mesh  hardware  cloth.   Foresters  have  named  this  protective  device  a 
"K-screen"e 

K-screens  appeal  to  the  forester  because  they  are  relatively  cheap, 
can  be  pre-loaded  with  seed  and  germinating  medium  before  being  trans- 
ported to  the  field,  can  be  placed  quickly,  and  may  not  need  to  be  removed 
from  the  seed  spot.   To  protect  the  seed  from  rodents,  the  tops  of  the 
screens  are  pinched  partxally  closed.   It  is  anticipated  that  established 
seedlings  w±ll  grow  through  the  pinched  tops  without  deformation,  and  that 
the  screens  will  eventually  decompose  or  be  pushed  open  by  the  growing  tree. 

Field  tested  at  the  Blacks  Mountain  Experimental  Forest  and  the 
Stanislaus  Experimental  Forest  in  1950  and  1951,  and  at  the  Slate  Creek 
Unit,  Trinity  National  Forest  in  1952,  K-screens  have  not  produced  all 
the  hoped-for  results.   If  K-screens  are  partially  closed  at  the  top, 
they  generally  protect  seed  from  rodents,  but  the  screens  have  certain 
drawbacks  « 

Seedlings  within  K-screens  are  sometimes  unable  to  emerge  from  the 
soil,  particularly  heavy  textured  soils,  which,  with  the  mechanical  re- 
inforcement of  the  screen,  form  a  layer  impenetrable  to  seedlings.   Under 
certain  field  conditions  K-screens  are  subject  to  frost  heaving,  and  some- 
times the  cores  of  soil  wxthin  the  K-screens  dry  too  quickly. 

1/   Summary  of  a  detailed  manuscript  which  can  be  obtained  by  writing 
to  the  Director,  California  Forest  and  Range  Experiment  Station,  P.  0.  Box 
245,  Berkeley  1,  California. 

2/  Designed  by  Mr.  Joseph  Keyes,  formerly  Biologist,  Control  Methods 
Research  Laboratory,  U.  S.  Fish  and  Wildlife  Service,  now  retired. 
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l^Jhen  livestock  or  deer  are  abtindant,  K-screens  are  susceptible  to  damage 
by  trampling.   Larger  rodents  (probably  ground  squirrels,  Citellus  beecheyi 
fisheri  Ilerriam)  sometimes  knock  K~screens  out  of  the  soil.   Nor  is  the 
microclimate  found  under  K-screens  as  favorable  as  under  cone-  or  dome- 
shaped  screens.   These  results  show  that  K-screens  or  the  way  they  are 
used  must  be  improved  before  they  can  be  recommended. 

Two  modified  K-screens  are  currently  being  tested  under  field  con- 
ditions.  The  first  modification  is  lengthening  the  cylinder  two  inches o 
The  second  change  lengthens  the  cylinder  one  inch  and  attaches  the  screen 
to  an  8-inch  staked  v/hich  is  driven  into  the  ground.   Added  length,  plus 
the  stake  in  the  second  case,  should  anchor  the  screens  in  the  ground  more 
securely  and  may  reduce  losses  from  frost  heaving  and  animal  disturbance. 

Finally,  there  is  a  possibility  of  finding  a  material  for  filling 
the  screens  which  would  provide  better  germinating  conditions  than  soil. 
If  such  a  material  is  found  the  major  deficiencies  of  the  K-screen  would 
be  removed. 


'b^     Designed  and  being  tested  by  Norman  Eo  Dircksen,  timber  management 
staff  member,  Stanislaus  National  Forest, 
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POSSIBLE  MEMS  OF  REDUCING  MOUNTAIN  PINE   BEETLE  ATTACKS 
IN  YOUNG   SUGAR  PINE 

V.   A,    Clement 

The  mountain  pine  beetle  (Dendroctonus  monticolae  Hopk»)  is  well 
known  as  a  periodic  threat  to  mature  Western  white  pine,  lodgepole  pine 
and  sugar  pine,  and  occasionally  to  young  ponderosa  pine,   A  recent  out™ 
break  on  the  Sierra  National  Forest  provides  the  first  recorded  case  of 
heavy  killing  of  young  sugar  pine,— / 

The  Sierra  outbreak  is  in  the  Miami  Creek,  Lewis  Creek,  and  Big 
Creek  drainages  just  south  of  Yosemite  National  Parko   It  has  been  esti- 
mated that  in  3  or  4  years  before  May  1952,  at  least  10,000  young  sugar 
pine  and  ponderosa  pine  were  killed  in  this  area* 

The  implications  of  this  epidemic  are  serious.   Such  outbreaks 
must  be  prevented  or  greatly  reduced  in  intensity  if  sugar  pine  is  to  be 
maintained  as  a  commercial  timber  tree.   Direct  control,  on  the  Sierra 
area  has  reduced  epidemic  losses  by  60  tu  70  percent,-^  but  is  only  a 
temporary  expedient.   Too  expensive  to  be  used  as  a  regular  management 
practice,  direct  control  removes  infested  trees  but  does  not  alleviate 
conditions  tnat  tend  to  favor  epidemics »   The  purpose  of  this  paper  is 
to  report  briefly  the  results  of  a  study  aimed  at  learning  something 
about  stand  conditions  that  lead  to  mountain  pine  beetle  epidemics,  and 
to  suggest  possible  remedial  measures e 

'■   ™   ™      ■       '■     "»     I"      ■ 1      II      II    I  ■      ■     III     ■     I.        I       ■       ■  ■      ■■      I.      ■      -     I-    I-     ■■     ■      I.     ■■      M      M     Mil  ^■^l^     ■ ,  —,. »    ■■     —   B^w  —      ■     i      ■  ■■       ■      — ■    ■ ■-■.■■  n— . 

l/  This  study  was  made  possible  by  the  help  of  G»  R,  Struble  of 
the  Berkeley  Forest  Insect  Laboratory,  U*  S,  Department  of  Agriculture, 
and  members  of  the  staff  of  the  Sierra  National  Forest,  particularly 
C.  E.  Risbrudt,  K.  C.  McLees,  and  the  members  of  the  forest's  sugar  pine 
delineation  crews  who  collected  the  plot  data«   Their  help  is  gratefully 
acknowle dge d 9 

2/  Struble,  George  R»   19529   Current  developments,  valuable 
second-growth  sugar  pine  stands  threatened.   Forest  Insect  Laboratory, 
Berkeley,  California. 

3/  Hall,  Ro  C»,  and  M,  M,  Furniss,   1952,   Forest  Insect  Con- 
ditions Miami  Creek,  Lewis  Creek,  and  Big  Creek  drainages.  Sierra 
National  Forest.   Office  Report,   Forest  Insect  Laboratory,  Berkeley, 
California, 


*   MAINTAINED  AT  BERKELEY,  CALIFORNIA,  IN   COOPERATION  WITH  THE  UNIVERSITY  OF  CALIFORNIA . 

Agriculture "-Berkeley 


The  Data 

The  basic  data  for  this  study  were  obtained  from  70  sample  plots, 
53  from  the  Miami  Creek  basin  and  17  in  the  Lewis  Creek  drainageo   Records 
were  made  on  two  types  of  plots:   (l)  "Stand  plots,"  1x1  chain  in  size 
(Oel)  acre,  spaced  5  chains  apart  on  lines  through  areas  known  to  be  in 
the  infested  zone;  (2)  "Kill  plots,"  to  sample  stands  that  had  been  subject 
to  heavy  kill,  thereby  supplementing  information  from  the  systematic  stand 
plots.   The  kill  plots  varied  in  size  to  enclose  groups  of  dead  trees, 
ranging  from  1x1  chain  to  2  x  2  chains  (0.4  acre).   Kill  plots  were 
placed  wherever  groups  were  observed  while  setting  out  stand  plots o   The 
two  types  often  coincided. 

Information  collected  on  both  types  of  plots  was: 

1,   All  live  trees  of  any  species  2  inches  d.b.h.  and  over  were 
tallied  by  2-inch  classes o   Sugar  pine  and  ponderosa  pine  were  further 
recorded  by  crown  classes^ 

2r,      Insect  killed  pines  were  tallied  by  species,  2-inch  d.b.h, 
classes  ,  and  two  crown-class  groups — 'dominant  and  codominant,  and  inter- 
mediate and  suppressed.   This  grouping  of  crown  classes  was  used  since 
it  was  not  possible  to  determine  the  exact  crown  class  of  dead  trees, 
particularly  of  those  dead  2  or  3  years, 

3,   Since  the  plots  were  tallied  in  July  1952  after  the  first 
direct  control  operation,  the  dead  pines  were  further  subdivided  into 
two  classes:   (a)  trees  killed  by  the  1951  infestation  (which  had  been 
treated)  and  any  successfully  attacked  by  1952  broods  of  beetles,  and 
(b)  trees  killed  before  the  1951  infestation.   This  rough  classification    j 
by  period  of  kill  is  the  only  measure  of  development  and  changes  during     ' 
the  epidemic,  , 

The  Forest 

The  stands  in  this  area  are  some  of  the  finest,  high  site 
quality  young  sugar  pine  forests  in  Californiao   The  species  composition 
varies  considerably,  but  a  large  part  of  the  young  stands  are  mixed- 
conifer  types  with  substantial  proportions  of  sugar  and  ponderosa  pines.. 
By  niombers  of  trees,  the  original  stand  on  the  plots  averaged  30  percent 
sugar  pine,  7  percent  ponderosa  pine,  25  percent  white  fir,  and  38  per- 
cent  incense  cedar  (table  l)o   The  total  number  of  trees,  658  per  acre, 
indicates  a  well  stocked  stand.   If  stocking  is  rated  by  stand  density 
inde:>c/,  that  is,  the  number  of  trees  in  relation  to  average  d.b.ho  of 
the  stand,  this  stand  has  a  stand  density  index  of  390.   Reineke  indicates 
_/  that  for  small  heavily  stocked  plots,  a  stand  density  index  of  800  is 
about  the  maximum  stocking  for  mixed-conifer  stands.   On  that  basis  these 
Sierra  National  Forest  stands  would  be  about  50  percent  stocked,  which 
experience  indicates  is  an  excellent  average  stocking  for  a  large  area. 


4/  Reineke,  Lo   R.   1933,   Perfecting  a  stand-density  index, 
Jouro  Agric,  Reso  46:   627-638. 


Table  l.~  Live,  dead^  and  original  number  of  pines  and  number  of  white  fir 
and  incense  cedar,  by  d»b«h,  groups.   Average  for  70  plots. 
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The  stands  in  the  study  area  developed  from  advance  reproduction 
and  natural  regeneration  after  logging  as  m.uch  as  50  years  ago.   There 
is  an  overstory  of  mature  and  overmature  trees  left  by  the  early  loggers 
on  much  of  the  area.   Age  of  the  young  pine  in  these  stands  ranges  from 
40  to  70  years o 

What  Happened  to  the  Forest 

In  the  few  years  since  1949,  when  the  mountain  pine  beetle  began 
to  show  unusual  activity  in  the  stands,  losses  in  sugar  pine  and  ponderosa 
pine  on  the  sample  areas  have  been  very  heavy,   Sixty-two  percent  of  the 
sugar  pines  in  the  original  stand  have  been  killed,  and  50  percent  of  the 
ponderosa  pines  (table  l).   The  net  effect  of  these  losses  has  been  to 
reduce  the  pine  component  of  these  plots  from  36,7  percent  of  the  number 
of  trees  of  all  species  to  19,2  percent  in  1952.   Losses  outside  the  plots 
probably  have  been  substantially  less  than  on  the  plots,  because  the  "kill 
plots"  were  deliberately  placed  in  severely  damaged  areas. 

Most  of  the  insect  losses  were  in  the  small  diameter  classes.   Trees 
less  than  12  inches  dob, ho  made  up  80  to  90  percent  of  the  losses  in  sugar 
pine  and  ponderosa  pine  respectively.   However,  many  of  the  dead  trees  were 
from  the  upper  crown  classes.   The  total  number  of  pines  killed  on  the 
plots  was  1130,  of  which  348  were  in  the  dominant  and  codominant  group  and 
782  intermediate  and  suppressedo   These  losses  represent  44  percent  and  69 
percent  of  the  original  numbers  present  in  these  crown  class=groups . 

Losses  in  Relation  to  Stand  Characteristics 

The  plot  data  were  used  to  study  the  relation  between  stand  attri- 
butes and  losses.   Such  factors  as  number  of  trees,  number  of  pines,  per- 
cent of  the  stand  composed  of  pine,  and  several  others  were  consideredc 
Most  of  them  showed  no  relation  to  insect  losseso   The  results  of  a  series 
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of  statistical  analyses  show  that  the  following  factors  were  not  signifi- 
cantly related  to  the  occurrence  of  insect  losses: 

1,  Total  number   of  trees   per   acre    of  all   species. 

2,  Total   number    of   pines   per   acroo 

3,  The   number    of   pines   expressed  as   percentage    of  the 
total  number   of  trees, 

Tv\fo  characteristics,    stand  density  index  and   crown  class,   both 
showed   significant   correlation  with  occurrence    of   insect  attack.      The 
greatest   losses    occurred  where   the    stand   density  index  was   high.      Stand 
density  index  is   a  more    sensitive    indicator   of   stocking  than  number   of 
trees   because   it  evaluates    density  of   stocking  by  number   of  trees    in 
relation  to  the    average   diameter    of  the    stand.      The    momber   of   intermediate 
and   suppressed  pines   is   important   since   the   plot   data   show  that   the 
greatest  kill   in  the   early  stages    of   the   epidemic   is   in  the  understory 
trees.      When  the    data  are    divided  at  the    1951   infestation,    77  percent   of 
the   trees   killed  before   the    1951   attacks   were   intermediate   and   suppressed, 
in  contrast  to  47   percent   of  the   trees   killed  by  the    1951  and   later   attacks, 
Apparently  the   mountain  beetles   attacked  the   weak  understory  trees   first, 
and   as  the   infestation  gained   in  intensity  the  beetles   were   able   to  attack 
and  kill  a   greater  number   of  the  more   vigorous    overstory  trees. 

Suggested   Stand  Treatments 

The    results    of   this    study  point   to  two   stand   conditions   that    seem 
to   indicate    susceptibility  of   young   sugar  pine   stands   to  attack  by  the 
mountain  pine   beetle.      These    conditions   are:      (1)    high  density  of   stocking 
as    reflected  by  stand   density  index,    and   (2)   the   presence    of  understory 
(intermediate   and   suppressed)   pine   trees   that   seem  to  be   attacked  first. 

The   practical   implications    are   that   the   ability  of   stands   to 
resist   attack  may  be    improved  either  by  reducing   stand  density  or  by 
removing  trees   which  are   especially  susceptible.      Reducing  the    stand 
density  would,    of  course,   be   an   indirect  method   of  improving  the  vigor 
of  the    remaining  trees.      It   is   based  on  the    observation  that   if   released 
from  competitors,   trees   which  are   not  too  badly  suppressed   or   stagnated 
often  improve   in  growth  rate   and   general   vigor.      A  cutting   designed  to 
reduce    stand  density  might  take   the   form  of   a   commercial   harvest  that 
would  remove    larger  trees    of   sawtimber   size.      These   would  include   the 
overmature    and  mature   trees   left  by  the   early  logging,    and  younger  white 
fir   and  incense   cedar   of  merchantable    size. 

From  the    analysis    of  the    stand  data   it  has   been  determined  that  a 
consideraole   voliime    of  merchantable  material   can  be   cut.      If  24  inches 
d.b.h,    is  the    lower   limit   of   cutting,    at   least   10,000  board  feet  per 
acre    is   available.      Of  this    volume   at   least   4,000  board  feet   is   pine. 
A  cutting   of  this    degree    should   still   leave   an  average   of   10,000  to 
12,000  board  feet  per   acre    of   young  pine   and  4,000  to   5,000  feet   of 
fir   and  cedar.      It   should  be   noted  that  the    loss    in  pine    in  the    recent 
outbreak  was   about   4,000  board  feet   per   acre    or   25  percent   of  the   total 
pine  voliome. 

_4- 


Removal  of  the  more  susceptible  trees,  the  second  alternative  sug- 
gested by  the  study,  would  be  a  more  direct  method.  It  would  require  a 
cash  outlay  that  could  not  be  recovered  because  the  smaller  susceptible 
trees  have  little  or  no  market  value  at  present.  In  addition  to  elimi- 
nating the  trees  which  are  more  likely  to  nourish  an  insect  attack  during 
the  population  build-up  stage,  this  alternative  method  would  also  serve 
to  reduce  stand  density  somewhat. 

Although  we  cannot  be  certain  just  how  effective  either  of  the 
suggested  methods  would  be  in  lessening  tne  danger  of  mountain  pine 
beetle  attack,  they  both  appear  to  offer  considerable  promise.   Probably, 
the  best  recommendation  wnich  can  be  offered  at  present  is  a  combination 
of  both  kinds  of  cutting.   A  commercial  cutting  should  more  than  pay  its 
way  while  resulting  in  a  substantial  reduction  in  stand  density,  and 
thus  pay  for  all  or  part  of  the  expense  of  eliminating  many  of  the  small, 
more  susceptible  trees. 
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CULL  AMD  BREAKAGE  FACTORS  FOR  PINES  AND 
INCENSE -CEDAR  IN  THE  SIERRA  NEVADA 

James  W.  Kimmey,  Pathologist 
Division  of  Forest  Disease  Research 


This  Research  Note  is  an  interim  report  of  a  study  to  determine  the 
cull  and  breakage  factors  for  all  the  commercial  conifers  in  the  Sierra 
Nevada.   When  the  study  is  completed,  factors  for  all  the  species  will 
be  published  in  the  series  of  Forest  Survey  Releases  reporting  cull  and 
breakage  factors  for  forest  trees  in  California. 

The  amount  of  cull  due  to  defect,  such  as  decayed  wood  or  shake  in 
living  trees  is  expressed  as  a  percentage  of  the  gross  volume  of  a 
stand  to  give  the  cull  factor  for  that  stand.   When  the  stand  is  har- 
vested there  will  be  additional  loss  due  to  breaking  of  sound  wood  in 
the  process  of  felling  and  bucking.   This  additional  loss,  when  expressed 
as  a  percentage  of  the  gross  volume  of  the  stand,  is  the  breakage  factor 
for  that  stand. 

The  cull  and  breakage  factors  presented  here  are  of  the  general  or 
"flat  factor"  type.   They  were  prepared  for  use  in  the  Forest  Survey  and 
were  derived  from  averages  of  cull  for  two  subregions  —  the  eastside 
and  westside  Sierra  Nevada;  therefore,  they  should  not  be  expected  to 
apply  to  individual  trees,  nor  to  gi^ve  accurate  estimates  for  stands  of 
limited  area.   Rather,  these  factors  should  be  applied  to  extensive 
stands  or  tree  groups  which  are  units  of  such  stands. 

Cull  factors  become  larger  with  increasing  age  of  the  trees.  For 
this  reason,  separate  cull  factors  have  been  determined  for  tree  classes 
constituting  different  age  groups  in  Dunning 's  tree  classification,  l/ 


1/  Dunning,  Duncan.   A  tree  classification  for  the  selection 
forests  of  the  Sierra  Nevada.   Jour.  Agri.  Res.  36(9) :755-7Tl. 
May  1,  1928. 


The  California  Forest  and   Range  Experiment  Station  is  maintained  at  Berkeley  in  cooperotion  with  the  University  of  California. 


Although  more  breaks  occur  in  harvesting  older  trees,  the  percent- 
age occurring  in  sound  wood  remains  fairly  constant.   This  is  especially 
true  in  the  more  defective  species  such  as  incense-cedar.   Because  the 
percent  of  breakage  for  incense-cedar  is  so  small  in  comparison  to  the 
cull  factors,  different  breakage  factors  are  not  given  for  each  of  the 
tree  classes  or  age  groups  in  this  species.   Separate  breakage  factors 
are  presented,  however,  for  the  various  age  groups  in  the  less  defective 
and  more  valuable  pine  species. 

Use  of  Cull  and  Breakage  Factors 

To  determine  the  net  sound  volum.e  in  standing  trees,  use  only  the 
cull  factors,  but  to  determine  the  net  harvestable  volume,  use  both  the 
cull  and  the  breakage  factors. 

To  use  these  cull  factors  properly,  the  cruiser  will  need  to  tally 
trees  by  classes  or  age  groups.   The  gross  volume  of  all  trees  in  each 
class  or  age  group  is  then  discounted  by  the  percentage  indicated  as 
the  cull  factor  for  that  group. 

Breakage  factors  for  the  pines  also  are  applied  to  age  groups.   For 
incense-cedar,  the  breakage  factor  is  a  constant  for  all  age  groups. 
Breakage  factors  are  directly  additive  to  cull  factors  for  the  deter- 
mination of  the  total  woods  loss  when  a  stand  is  harvested. 

Some  of  the  data  upon  which  the  breakage  factors  are  based  were 
collected  in  an  earlier  logging  era;  consequently  the  factors  may  be 
somewhat  low  when  employed  with  the  current  felling  methods  and  gener- 
ally rougher  logging  shows. 

Factors  for  the  Commercial  Pines 

Cull  and  breakage  factors  for  ponderosa,  Jeffrey  and  sugar  pine  in 
the  Sierra  Nevada  are  given  in  table  1.   Separate  factors  were  origin- 
ally computed  for  Jeffrey  pine,  but  since  the  factors  were  not  signifi- 
cantly different  from  those  for  eastside  ponderosa,  and  since  these 
species  are  not  always  readily  separated,  combination  factors  for  Jeffrey 
pine  and  eastside  ponderosa  were  considered  more  convenient.   Likewise, 
separate  factors  for  eastside  sugar  pine  were  originally  computed,  but 
later  regarded  as  not  significantly  different  from  westside  sugar  pine 
factors.   Over-all  factors  then  were  computed  for  this  species  through- 
out the  Sierra  Nevada.   In  a  few  localized  areas  on  the  eastside,  where 
old  sugar  pines  occurred  on  pumice  soil,  shake  was  found  so  prevalent 
that  cull  in  class  5  trees  v/as  considerably  greater  than  average  for  the 
species.  Although  most  class  5  trees  on  such  areas  have  already  been 
cut,  any  cruiser  who  encounters  old  trees  on  pumice  soil  should  make 
local  observations  to  determine  to  what  extent  the  average  factors 
should  be  increased  to  allow  for  the  excessive  shake. 
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Table  1,-  Percent  cull  and  percent  breakage  in  ponderosa, 

Jeffrey,  and  sugar  pine  in  the  Westside  Sierra 
and  Eastside  Sierra  Subregions  of  California  — 
by  Dunning' s  tree  classes. 


Subregion 

and 

Species 


Percent  of  gross  board-foot  (Scribner 
Decimal  C)  merchantable  volume 


Breakage 


Westside  Sierra 


1,  2,  6 


Ponderosa  pine    3  and  k 

5  and  5A 
7 


0,3 

1.2 
3.8 
9.1 


1.1 

2.2 
2.U 
l.U 


Eastside  Sierra 


1,  2,  6 


Ponderosa  pine    3  and  h 

and 
Jeffrey  pine      5  and  ^A 


3.8 
3.8 
U.l 


0.9 
1,9 


Westside  Sierra 

and 
Eastside  Sierra 

Sugar  pine 


1. 

2, 

6 

3 

and  h 

5 

and 
7 

5A 

1.2 

3.7 

6,.  3 
6»7 


0.3 

3.7 

3.8 
0 


The  cull  and  breakage  factors  given  in  table  1  are  derived 
from  8  separate  studies  in  which  3,138  trees  of  all  classes  were  ob- 
served.  In  addition  a  large  but  undetermined  number  of  trees,  mostly 
in  classes  5  and  5A,  were  measured  on  20  timber  sale  areas.   No  class 
7  pines  were  encountered  in  the  study  bases  in  the  Eastside  Sierra 
Subregion. 


Factors  for  Incense-cedar 

Cull  factors  for  incense-cedar  are  given  in  table  2,  The  great 
bulk  of  incense-cedar  occurs  in  the  westside  type,  but  a  considerable 
amount  also  occurs  in  an  intermediate  type  where  cull  is  similar  to 
that  on  the  westside.   The  cull  factors  presented  here  are  for  these 
two  types  a  Only  a  relatively  small  amount  of  cedar  occurs  in  the 
typical  eastside  forests  A  cull  study  conducted  in  this  type  near 
Eagle  Lake,  Lassen  National  Forest,  on  an  open,  dry,  east  slope  showed 
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cull  in  incense^cedar  to  be  approximately  one-half  that  on  the  west- 
side  „   It  is,  therefore,  suggested  that  cruisers  who  encounter  this 
species  on  extra-dry  sites  in  the  eastside  subregion,  apply  cull 
factors  equal  to  one-half  those  given  in  table  2,     On  other  eastside 
sites,  the  entire  factors  are  applicable^ 


Table  2,-  Percent  cull  and  percent  breakage  in  incense- 
cedar  in  the  Sierra  Nevada^/  --  by 
Dunning 's  tree  classes. 


Percent  of  gross  board-foot  (Scribner  Decimal  C) 
merchantable  volume 


Tree 
Class 


Cull 


Breakage 


6.2 
6.3 
8«3 


2.2 
2.2 
2.2 


3 
7 

h 


20,9 
28,1 
30.3 

67.7 


2.2 

2/2 
2o2 

2.2 


1/  In  open  stands  on  dry  east  slopes  in  the  typical 
Eastside  Sierra  Subregion_,  cull  factors  equal  to 
one-half  the  values  given  should  be  used„ 


The  basis  for  these  cull  factors  was  provided  by  studies  made 
at  5  locations^  Two  were  cull  studies  and  3  dissection  studies  in- 
volving 1,536  trees  of  all  tree  classes.   The  supplemental  study  made 
near  Eagle  Lake  consisted  of  100  incense-cedar  trees,, 

Breakage  in  incense-^cedar  is  inconsiderable  in  comparison  to 
the  large  amount  of  cull  and  generally  differs  little  by  tree  classes^ 
Hence  it  was  desirable  to  use  but  one  average  breakage  factor  for  all 
tree  classes ^   In  timber  sales  and  cull  studies  at  19  different  lo- 
calities distributed  throughout  the  Sierra  Nevada,  the  average  breakage 
factor  for  this  species  was  2,2  percent  (table  2) „ 
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DETERMINING  THE  AGE  OF  BLISTER  RUST  INFECTION 
ON  SUGAR  PINE 

James  W.  Kimmey,  Pathologist 
Division  of  Forest  Management  Research 


Early  investigations  of  white  pine  blister  rust  in  the  Pacific 
Northwest  provided  a  large  basis  of  infection  data,  from  which  Lachmund  l/ 
devised  a  method  to  postdate  infections  on  western  white  pine.  He  found"" 
that  rust  cankers  originating  in  a  single  year  were  consistently  dis- 
tributed in  a  characteristic  pattern  on  the  pine  trees  —  most  of  the 
cankers  were  to  be  found  on  wood  grown  in  the  year  before  the  time  of 
infection,  A  recent  test  shows  that  his  findings  also  apply  to  sugeir 
pine  in  California  and  Oregon, 

Lachmund  designated  the  pine  growth  of  the  year  of  infection  as 
"a,"  the  adjoining  interwhorl  2/  of  the  previous  year's  growth  as  "b, " 
the  third  youngest  interwhorl  as  "c, "  and  so  forth.  When  cankers  were 
tallied  by  interwhorls,  more  than  half  the  cankers  originating  in  a 
given  year  were  on  the  "b, "  interwhorl  (table  l).  The  "a"  growth  could 
then  be  identified,  and  since  this  was  the  youngest  interwhorl  infected 
that  year,  the  age  of  the  "a"  interwhorl  was  taken  as  the  age  of  the 
infection  wave  tallied. 

Lachmund 's  method  of  determining  the  age  of  rust  infection  has  been 
used  by  blister  rust  workers  in  southern  Oregon  and  northern  California 
to  determine  the  age  of  infection  on  sugar  pines.  General  observations 
in  southern  Oregon  indicated  that  the  pattern  of  canker  distribution  was 


1/  Lachmund,  H.  G.  Method  of  determining  age  of  blister  rust 
infection  on  western  white  pine.  Jour,  Agr,  Research  ^6:675-693*  illus, 
April  1933. 

2/  In  conifers,  the  lengths  of  stem  between  branch  whorls  have  often 
been  referred  to  in  past  literature  as  internodes,  a  usage  botanically 
incorrect.  The  term  "interwhorl"  is  not  open  to  this  objection. 


The   California  Forest  and    Range  Enpenment  Stotion  is   maintoined   ot   Berkeley  in  cooperation  with  the  University  of  Coliformo 


similax  on  sugar  pine  to  the  pattern  Lachmund  determined  for  western 
white  pine.  Recently  some  workers  in  California  have  noticed  a  seem--  , 
ingly  different  pattern  on  sugar  pine.  For  this  reason  there  has  been 
some  doubt  as  to  the  accuracy  of  age  determinations  of  infection  on 
sugar  pine  based  on  Lachmund 's  pattern. 

To  determine  the  pattern  of  canker  distribution  on  sugar  pine,  and 
the  applicability  of  Lachmund 's  pattern  in  determining  the  year  of 
infection  on  this  pine  species,  analysis  of  canker  distribution  from 
infection  of  known  age  ha£  been  made  from  data  on  plots  designed  prim- 
arily to  study  the  spread  of  blister  rust.  Records  of  infections 
occiorring  in  a  single  season  on  foiir  sugar  pine  plots  in  Oregon  and 
two  in  California  were  used  in  this  analysis. 

The  tallies  for  the  four  Oregon  plots  give  patterns  approximately 
the  same  as  for  western  white  pine  (table  l).   On  the  California  plots 
the  percentage  of  cankers  originating  on  the  "a"  interwhorls  of  siigar 
pine  was  approximately  twice  that  for  western  white  pine.  In  either 
case,  however,  the  general  patterns  for  sugar  pine  were  quite  similar 
to  that  for  western  white  pine,  a  major  part  of  the  cankers  developing 
on  '*b"  interwhorls.   Any  of  the  six  tallies  made  from  the  sugar  pine 
plots  leaves  no  doubt  as  to  the  year  of  infection  when  Lachmund 's 
method  is  applied.  The  correct  age  of  infection  was  denoted  by  a 
tally  of  only  10  cankers  on  Black  Rock  Plot  3» 

The  relatively  late  date  when  pine  Infection  occurred  at  Big  Bar 
in  California  may  account,  at  least  in  part,  for  the  greater  percentage 
of  the  cankers  originating  on  "a"  growth  as  compared  to  the  Oregon  plots. 
Rains  providing  moistiure  conditions  suitable  for  pine  infection  normally 
occur  later  in  the  fall  in  the  Sierra  Nevada  than  at  locations  further 
north.  By  that  time  in  the  season  the  new  needles  developed  on  sugar 
pines  during  the  year  axe   physiologically  nearly  mature;  they  more  nearly 
approach  the  condition  of  second  year,  or  "b"  needles  than  that  of  first- 
year  needles  at  more  northerly  locations.  Accordingly,  the  first-year 
needles  at  Sierran  locations  could  be  expected  to  be  more  receptive  to 
the  rust  than  those  at  the  northerly  end  of  the  siigar  pine  range  or  in 
the  commercial  range  of  western  white  pine.  The  analysis  of  plot  results 
reported  here  supports  this  inference. 


-  2  - 


Table  1.   Distribution  of  blister  rust  cankers,  originating  in  a 
single  year,  on  the  five  youngest  interwhorls, 
i.e.,  "a"  year  of  origin,  %"   previous  year, 
"c"  third  youngest,  et  cetera. 


Pine  species  and 
location 


Percent  of  cankers  originating 
on 


:  No,  of 
:  cankers 
:  used  as 
:  basis 


:  b 


:  d 


WESTERN  WHITE  PINE 


Lachmund's  studies  in 
the  Pacific  Northwest 


9.8   53.2   31.3    5.2   0.5    5,879 


SUGAR  PINE 
California 


Plumas  N.F. 

Big  Bar  Plot  1 
Big  Bar  Plot  k 


19.1 

ko.k 

31.9 

8.5 

0.0 

^7 

20.8 

i^9.2 

26.5 

3.2 

0.3 

1,132 

Oregon 


Deschutes  N.F. 

Black  Rock  Plot  1 
Black  Rock  Plot  2 
Black  Rock  Plot  3 
Black  Rock  Plot  k 


All  Oregon  Plots 


All  Sugar  Pine 


10.3 

55.2 

2i^.l 

10.3 

0.0 

29 

k.Q 

^5.2 

35.7 

9.5 

4.8 

42 

20.0 

ij-0.0 

40.0 

0.0 

0.0 

10 

5.9 

i+1.2 

23.5 

29.4 

0.0 

17 

8.2 

46.9 

30.6 

12.3 

2.0 

98 

19.8   48.7   27.0   4.1   0.4 


1,277 
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EXPERIMENTS  ON  CONTROL  OF  ELYTRODERMA  NEEDLE 
BLIGHT  OF  PINES  BY  SPRAYS 

Paul  C.  Lightle,  Pathologist 
Division  of  Forest  Management  Research 


Elytroderma  deformans  (Weir)  Darker  is  a  needle  disease,  with 
siibsidiary  effects  on  twigs  of  pines.   The  blight  attacks  ponderosa 
pine  (Plnus  ponderosa  Laws.)  over  much  of  its  range  in  the  west  and 
Jeffrey  pine  (Pinus  jeffreyi  Grev,  Sc  Balf.)  in  California,   About 
19^5  "the  disease  reached  epidemic  proportions  on  ponderosa  pine  in 
portions  of  Oregon  and  Idaho  but  it  had  subsided  somewhat  by  195^« 
Nevertheless  it  is  still  considered  serious  there  and  is  a  cause  of 
concern  in  southwestern  Montana.   In  California,  the  disease  has  been 
less  severe  than  farther  north  but  has  been  destructive  in  localized 
areas.   Trees  near  Manzanita  Lake  in  Lassen  Volcanic  National  Park, 
and  along  the  southwestern  shore  of  Lake  Tah.oe,  have  been  particular- 
ly damaged  by  the  fungus.   Tree  growth  has  been  slowed,  some  trees 
killed  and  the  affected  trees  rendered  very  unattractive  in  appear- 
ance during  much  of  the  period  of  heaviest  recreational  use. 

Mortality  from  the  disease  has  necessitated  salvage  logging  in 
severely  affected  stands  on  several  national  forests  in  Oregon  and 
Idaho  in  order  to  prevent  heavy  losses.   But  salvage  logging  has  re- 
sulted in  no  improvement  in  the  condition  of  the  residiial  stand.   On 
several  areas  relogging  has  been  necessary  for  two  or  three  success 
sive  years  to  utilize  additional  trees  dying  from  the  disease  or  from 
bark  beetle  attacks  induced  by  it. 

In  1952  experiments  were  started  on  national -forest  land  near 
Lake  Tahoe  to  test  the  possibilities  of  controlling  the  disease  with 
fungicidal  sprays.   The  tests  were  continued  in  1953 »   It  was  felt 
that  if  satisfactory  control  by  sprays  could  be  demonstrated,  the 
method  would  not  only  be  useful  in  areas  of  particularly  high  value 
for  recreational  use,  but  might  also  be  adapted  for  arresting  epi- 
demics in  more  extensive  forest  areas  if  practical  methods  of  appli- 
cation by  airplane  co\ild  be  worked  out.  This  paper  is  to  report 
these  experiments  and  their  negative  resul,ts. 


The   California  Forest  and    Range   Experiment  Station  is   malntoined   at   Berkeley  in  cooperation  witti  ttie  University  of  California. 


The  Fungus 

Elytroderma  deformans  is  an  ascomycetous  fungus  belonging  to 
the  family  Hypodermataceae.   Like  many  other  fungi,  it  has  two  spore 
forms.   The  time  of  appearance  of  these  spore  forms  varies  from  year 
to  year  and  from  place  to  place.   In  general  the  imperfect,  or  pyc- 
nidial,  stage  is  produced  subepidermally  on  the  killed  portions  of 
affected  needles  in  May  and  early  June.   It  is  followed  in  the  fall 
by  the  perfect,  or  ascus,  stage  —  the  ascospores  of  which  mature 
beginning  about  mid-September.   The  needles  chiefly  attacked  are 
those  produced  the  previous  year  on  twigs  that  had  previously  borne 
infected  foliage^ 

The  time  of  year  that  infection  takes  place  and  the  infecting 
spore  form  are  not  known^   Since  ascospores  are  released  from  the 
hysterotheciiom,  or  fruit  body,  only  during  moist  mild  weather,  and 
the  same  conditions  are  also  necessary  for  the  germination  of  the 
spores,  it  was  ass\amed  that  fall  infection  by  ascospores  was  the 
normal  condition.   Additional  evidence  supporting  fall  infection  is 
the  fact  that  the  needles  reach  full  length  and  are  mature  in  other 
respects  before  showing  any  signs  of  infection.   Weir  —'at  Priest 
Lake,  Idaho,  in  191^  performed  controlled-infection  experiments.   He 
sprayed  ascospores  suspended  in  distilled  water  on  twigs  of  healthy 
plants  in  the  spring  and  then  covered  the  twigs  with  paper  bags. 
That  fall  the  needles  on  the  sprayed  twigs  t\irned  reddish  brown  in 
spots.   They  became  completely  brown  by  next  spring  and  produced 
mature  ascospores  of  the  fungus  in  May  and  June.   It  will  be  noted 
that  these  times  of  the  year  for  discoloring  of  the  affected  foliage 
and  for  matioring  of  the  ascospores  occurred  several  months  in  ad- 
vance of  the  normal  timec 

Materials  and  Methods 

The  fungicides  used  in  this  study  were  of  two  types:   Those 
which  cover  the  siorface  of  the  needles  and  act  as  protectants  over  a 
period  of  time  and  those  which  act  as  eradicants  but  give  no  lasting 
protection  (table  l).  Application  was  through  a  300-gallon  agitator- 
type  commercial  orchard  sprayer  developing  3OO  p.s.i,  nozzle  pressure, 
mounted  on  a  1^-ton  flatbed  truck.   The  plants  treated  were  part  of 
a  young,  uneven-aged  stand  in  a  cut-over  area,  the  trees  varying  from 
seedlings  of  2  feet  to  small  poles  of  50  feet  in  height.   All  v/ere  in 
areas  heavily  affected  by  Elytroderma  deformans  and  had  been  diseased 
for  several  years  before  the  start  of  the  experiments. 


1/  Weir,  James  R.   Hyp Oder ma  deformans,  an  undescribed  needle 
fungus  of  western  yellow  pine.   Jour.  Ag.  Res,  6(8):   277-288.   I916. 
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Table  Ic --Materials  used  in  spray  tests  to  control  Elytroderma  needle 


blight  on  ponderosa 

and  Jeffrey  pines 

Trade  Name-' 

;  Active         i 
?  Ingredients     t 

Date 
Applied 

;  Dilution  ; 
:  in  Water  : 

Character- 
istics 

Puratized 

agricultural 

spray 

5^  phenyl  mercury 
triethanol 
ammonium  lactate 

9-29=52 
8-31-53 

3  q.tSc  in 
300  gal. 

eradicant^ 
penetrant 

Zinc  Copo>iil 

k%   copper 
20^  zinc 

9-24-52 
9-2-53 

6  IbSj  in 
300  gal. 

protectant^ 
nonpe net rant 

Orthocide  50 
wettable 

N-trichloro- 
methyl  thio- 
tetrahydroph- 
thalimide 

9-23-52 

9-1-53 
10-5-53 

10-6-53 

8  lbs.  in  , 
300  gal.£/ 

15  lbs.  in 
300  gal. 

30  lbs,  in 
300  gal. 

protectant, 
nonpenetrant 

Opal ate 

Zinc  dimethyl 
di  t  hi  o  c  arb  aniat  e 

9-26-52 

6  Ibs^  in 
300  gal. 

protectant, 
nonpenetrant 

Orthorix 

Polymerized 
Sulphur 

10-7-53 

2  gal^  in 
300  gal. 

eradicant, 
p  3netrant 

Orthocide  50 
lettable  plus 
Orthorix 

See  above 

10-8-53 

10  lbs.  Orthocide 

2  gal.  Orthorix 

in  300  galo    See  above 

Sanilac 


Summer  oil 


9-.Ii=53    6  gal.  in   protectant, 
300  gal.    nonpenetrant 


Bordeaux 


Copper  Sulphate 
lime 


9-25=52 


12-12-300 
(2-2-50) 

24-24-300 
(404-50) 


protectant, 
nonpenetrant 


1/  Sterox  S-K  as  a  sticker  and  spreader  was  added  at  the  rate 
of  1  quart  in  3OO  gallons  of  spray  solution  to  the  first  4  products 
used.   The  other  products  either  have  a  similar  material  incorporated 
in  them  or  need  none.   Trade  names  are  used  for  simplicity;  neither 
endorsement  nor  criticism  of  these  or  other  products  is  ijitended. 

2/  The  area  sprayed  with  8  pounds  of  Orthocide  50  wettable 
on  September  1,  1953>  was  sprayed  a  second  time  on  October  5^  using 
15  pounds  of  the  same  material. 
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With  one  exception,  a  single  application  of  300  gallons  of 
spray  mixture  of  each  material  was  made  in  late  summer.  This  amount 
was  enough  to  drench  200  to  300  trees,  depending  upon  their  size.   In 
the  one  exception  a  second  application  at  a  higher  concentration 
than  the  one  first  employed  was  made  following  additional  recommend- 
ations received  from  the  manufactiirer.  Only  a  single  application 
was  given  in  most  trials  because  more  than  one  application  per 
season  was  considered  economically  impracticable  for  forest  disease 
control. 

No  replications  were  made  because  the  size  of  each  sprayed 
area  was  rather  large  and  the  experiments  were  intended  only  as  a 
preliminary  screening  procedure  to  indicate  promising  materials  for 
further  and  more  detailed  tests. 

As  already  indicated,  the  ascospores  normally  mat\jre  about 
mid-September  and  require  moisture  for  germination^  Moisture  is 
also  needed  for  the  hysterothecia  to  open  to  release  the  ascospores. 
Rainfall  records  at  Myers,  California,  a  few  miles  distant,  dioring 
September  and  early  October  (table  2)  show  sufficient  rain  fell  be- 
fore the  1952  spraying  to  permit  infection  if  matiore  ascospores  were 
present.  For  this  reason  the  experiments  were  continued  in  1953  when 
conditions  were  more  favorable  for  preventative  spraying. 


Table  2, — Precipitation  at  Lake  Valley  Ranger  Station 
Myers,  California,  for  the  period 
September  1  to  October  15,  1952  and  1953 


-,  /  Precipitation 

Date  — '  Inches 


1952 


1953 


September  10  0.15 

September  11  0,1^4- 

Sept ember  12  Oo50 

September  I9  ■          OoOk 

September  20  0.01 

September  27  0.02 


September  26  O0I5 

October  10  0o02 


1/  Measurable  precipitation  fell  only  on  the 
indicated  dates  during  the  September  1  to  October  I5 
period. 


-  4  - 


i 


Results 

None  of  the  spray  materials  tried  in  1952  and  1953  gave  any 
indication  of  positive  control.   The  first  fall  rains  fell  before 
spraying  was  started  in  1952^  but  few  mature  ascospores  were  believed 
to  be  present  during  the  rainy  period  of  September  10  to  12.   Never- 
theless, negative  results  the  following  spring  were  provisionally 
attributed  to  infection  during  this  period.,   In  1953  the  experiments 
were  repeated  before  the  rains  started,  but  the  results  were  still 
negative.   It  must  be  concluded  that  under  the  conditions  of  applica- 
tion in  these  experiments,  none  of  the  materials  tested  will  control 
Elytroderma  deformans. 

Discussion 


The  reasons  for  the  complete  failure  of  the  materials  tested 
to  give  any  measure  of  control  are  obscure.   Infection  of  needles 
initially  protected  could  have  occurred  later  in  the  fall,  after  the 
effectiveness  of  the  fungicides  applied  had  been  dissipated  by  fur- 
ther rains.   But  a  more  reasonable  explanation  would  seem  to  be  that 
infection  took  place  before  the  sprays  were  applied^ 

That  infection  occinrred  before  spraying  is  indicated  by  an- 
other experiment.   Twigs  bearing  diseased  foliage  were  stripped  of 
all  visibly  infected  needles  and  then  covered  with  sausage  casing 
bags.  The  covers  were  placed  on  the  twigs  during  the  week  August  10 
to  lU,  1953*   In  the  spring  of  195^  many  dead  needles  were  observed 
on  the  1953  growth  within  these  bagSo   The  dead  needles  had  a  reddish 
cast  characteristic  of  needles  killed  by  Elytroderma.   On  J\ine  2  and 
3,  195^>  inspection  showed  that  85  percent  of  the  twigs  had  dead 
needles  of  the  characteristic  red  color o   Of  these  twigs,  about  I6 
percent  showed  needles  with  pycnidia  and  nearly  k   percent  had  faintly 
visible  hysterothecia^   Ten  percent  of  the  branches  were  dead  and  5 
percent  were  uninfected.   The  bags  were  removed  from  the  twigs  at 
this  time. 

Additional  observations  made  on  September  22,  195^^  showed 
that  about  80  percent  of  the  twigs  still  had  dead  foliage  with  the 
characteristic,  though  somewhat  faded,  color,  and  37  percent  of  these 
had  needles  bearing  well-developed  hysterothecia.  Dioring  the  period 
from  June  to  September  the  number  of  branches  killed  increased  to  3^ 
percent.  Rodents  cut  an  additional  10  percent  of  the  bagged  twigs 
during  this  period,  and  a  number  of  the  branches  apparently  recovered 
so  that  at  this  time  about  10  percent  of  the  bagged  branches  appear 
uninfected.   The  bags  were  applied  in  such  a  way  that  subsequent  con- 
tamination from  the  outside  is  considered  niL,  Thus,  infection  must 
have  occurred  before  Aiogust  10,  1953>  or   must  have  taken  place  sub- 
sequently from  spores  or  other  sources  of  infection  present  in  or  on 
the  parts  bagged  at  that  time^ 
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From  spore-trapping  experiments  it  has  been  determined  that 
ascospores  are  present  in  limited  quantities  during  the  spring,,  as 
well  as  in  the  larger  numbers  found  in  the  fall.  Practically  all  of 
the  limited  number  of  ascospores  that  are  discharged  in  the  spring 
months  appear  before  the  middle  of  May^,  considerably  before  shoot 
growth  starts  on  ponderosa  and  Jeffrey  pines  in  the  Lake  Tahoe  area. 
Any  infection  of  the  needles  at  this  time  would  almost  necessarily 
be  accomplished  within  the  buds  from  which  the  new  shoots  develop. 
The  character  and  distribution  of  the  new  infection  makes  a  spring 
ascospore  source  seem  questionable.  The  pycnidiospores  of  the  fungus 
develop  in  late  May  and  early  June,  and  would  appear  to  be  a  more 
likely  source  of  infection  than  the  ascospores.  However,  definite 
information  on  the  time  and  origin  of  infection  under  normal  conditions 
must  await  the  results  of  additional  investigation,  now  under  way, 
into  the  biology  of  the  fungus.  Until  this  information  becomes  avail- 
able, further  experiments  on  control  by  sprays  appear  inadvisable. 

Summsiry 

Commercial  fungicides  tested  in  1952  and  1953  failed  to  control 
Elytroderma  needle  blight.  The  reason  for  this  lack  of  control  is  not 
clear  at  the  present  time  but  could  be  due  to:   (l)  reinfection  by 
ascospores  in  the  fall  after  the  spray  materials  have  been  washed  off 
or  diluted  by  rain,  or  (2)  infection  in  the  spring  or  early  s\jmmer 
before  the  sprays  were  applied  by  either  ascospores  or  pycnidiospores. 


2/  Lightle,  Paul  C.   The  pathology  of  Elytroderma  deformans 
on  ponderosa  pine.  Phytopathology  4^-(lO):  557-569»  195^ 
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DEVELOPMENT  OF  HIGH-RISK  TREES 
IN  PONDEROSA  AND  JEFFREY  PINE  STANDS 
FOLLOWING  SANITATION- SALVAGE  CUTTING 

By  Malcolm  M.  Furniss^  Entomologist 
and  William  E.  Hallin,  Forester 


Sanitation-salvage  cuttings^  which  remove  the  trees  most  suscept- 
ible to  attack  by  bark  beetles  (high-risk  trees ),  have  been  very 
effective  in  reducing  losses  caused  by  the  beetles  in  ponderosa  and 
Jeffrey  pine  stands.   In  studies  on  the  Blacks  Mountain  Experimental 
Forest;  Bongberg  i/  found  that  the  cijimulative  reduction  in  insect- 
caused  losses  was  more  than  70  percent  for  a  10-year  period  following 
sanitation-salvage  cutting.   More  recent  data  from  the  experimental 
forest  indicate  that  losses  are  reduced  for  15  or  more  years  after 
the  cutting. 

Another  question  at  least  as  important  to  the  owner  as  the  length  of 
time  that  losses  are  reduced  is  how  many  new  high-risk  trees  develop 
before  the  second  cutting.   The  general  situation  in  eastside  pine 
is  that  the  initial  sani tat ion- salvage  cuttings  over  a  working  circle 
or  property  are  taking  about  15  to  20  years.   At  the  end  of  the  first 
cutting  cycle;  when  the  second  cutting  begins,  some  other  type  of 
cutting;  such  as  unit  area  control  _ /  probably  will  be  employed.   How- 
ever;  the  quantity  of  new  high-risk  trees  that  have  developed  must  be 
taken  into  account  by  the  manager  in  calculating  what  other  timber  he 
should  harvest  while  holding  to  a  fixed  allowable  cut. 


1/  Bongberg;  J,  W.   Results  of  10  years  of  bark  beetle  control 
by  logging  high-risk  treeS;  Blacks  Mountain  Experimental  Forest; 
Lassen  County,  California.   Forest  Insect  Laboratory,  Berkeley, 
California  (manuscript  report).   I8  pp.   May  6,    19^9* 

2/  Hallin;  W.  E.   Unit  area  control  —  its  development  and 
application.   Calif.  Forest  and  Range  Exp.  Sta.  Misc.  Paper  I6. 
10  pp.   October,  195^. 


The   California  Forest  and    Range   Experiment  Station  is    maintained   at   Berkeley  in  cooperation  witti  the  University  of  California. 


p, 


The  number  of  high-risk  trees  that  develop  during  the  15  or  20  years 
after  the  first  sanitation-salvage  cut  was  determined  by  a  study  made 
in  195^»  Four  compartments  on  the  Blacks  Mountain  Experimental  Forest^ 
where  sanitation-salvage  cutting  had  been  conducted^  were  the  site  for 
this  study.   Two  of  the  compartments  had  been  cut  in  1937  and  two  in 
1938^  leaving  only  the  low-risk  trees.   These  trees  were  reclassified 
as  to  risk  in  195^;  consequently,  the  results  show  the  development  of 
high-risk  trees  for  periods  of  I6  and  17  years  after  sanitation- 
salvage  cutting. 

In  195^  high-risk  trees  averaged  1,110  board  feet,  or  one  high-risk 
tree  per  acre  (table  l);  at  the  time  of  cutting,  high-risk  trees 
averaged  3^000  board  feet,  or  2.7  trees  per  acre.   In  195^  high- 
risk  trees  made  up  7«7  percent  of  the  estimated  stand  voliJime.   In 
contrast,  at  the  time  of  cutting  in  1937  and  1938  high-risk  trees 
made  up  17.2  percent  of  the  virgin  stand  voliime.   The  volume  of 
high-risk  trees  present  I6  and  17  years  after  cutting  was  only  37 
percent  as  great  as  in  the  virgin  stand  before  cutting. 

We  can  conclude  that  in  stands  similar  to  those  at  Blacks  Mountain 
about  1,100  board  feet  per  acre  of  high-risk  trees  may  be  expected 
at  the  second  cutting  I5  to  20  years  after  a  sanitation-salvage 
cutting.   This  still  represents  a  considerable  reduction  in  high- 
risk  trees  in  comparison  with  uncut  stands. 


Table  1. --Volume  and  number  of  high-risk  trees  — '  at  the  time  of 


sanitation-salva 

ge  cutting 

and  16 

and 

17  years 

later 

Original 
stand  —1 

:High-risk 

trees  < 

at 

:High-risk  trees  I6  & 

:the  time 

3f  cutt 

Lng 

:17  yrs.  after  cutting 

Compart- 

volume 

: Volume 

Number 

: Volume 

Number 

ment 

Area  : 

per  acre 

:per  acre 

per  acre 

:per  acre 

per  acre 

acres 

bd.  ft. 

bd.  ft. 

bd,  ft. 

G  2-lU 

81,3 

17,U80 

2,7^0 

2.k 

770 

1.1 

G  8-10 

63. i+ 

19,210 

2,680 

1.9 

1,180 

1.0 

B  25-1 

112,7 

16,310 

2,590 

2.5 

1,500 

1.3 

B  27-^ 

95.7 

17,^60 

3,890 

3.8 

880 

.6 

All 

353.1 

17,^60 

3,000 

2.7 

1,110 

1.0 

1/  Risk  3  and  h   ponderosa  and  Jeffrey  pine 
2/  Pine  only. 
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HARDWOOD  SPROUT  MEASUREMENTS  IN  NORTHWESTERN  CALIFORNIA 

D.  F.  Roy,  Forester 
Division  of  Forest  Management  Research 


Some  California  hardwood  trees  regenerate  quickly  after  their 
aerial  parts  are  destroyed  by  fire  or  logging.   Ouick  recovery  by  sprout- 
ing may  be  desirable  to  prevent  soil  erosion  or  for  other  reasons.  More 
often,  however,  hardwood  sprouts  are  pernicious.   They  capture  ground 
area  which  otherwise  could  be  used  to  grow  conifers;  they  compete  with 
conifers  and  may  suppress  them;  and  their  leaves  often  smother  young 
conifer  seedlings  and  transplants.   If  new  sprouts  develop  vigorously, 
special  treatments  may  be  necessary  to  obtain  adequate  stocking  of  de- 
sired conifers,  whether  by  artificial  or  natural  means. 

Some  foresters  have  been  concerned  about  areas  of  forest  land  in 
northwestern  California  which  are  producing  only  presently  non- commercial 
hardwoods.   Here  hardwoods  often  dominate  the  vegetational  cover  after 
logging  or  fire,  but  their  aggressiveness  has  not  been  studied.  For- 
esters, therefore,  may  be  interested  in  data  about  some  of  the  more 
important  sprouting  hardwoods  which  prove  that  northwestern  California, 
like  some  other  parts  of  the  United  States,  has  a  hardwood  problem. 

The  Study 

Sprouts  were  measured  at  two  places--the  Three  Creeks  Burn,  which 
lies  about  5  miles  west  of  Willow  Creek,  Humboldt  County;  and  the  Slate 
Creek  cut-over  unit,  which  is  7  miles  north  and  slightly  east  of  Weaver- 
ville.  Trinity  County.   Madrone  (Arbutus  menziesii  Pursh),  Oregon  white 
oak  (Quercus  garryana  Dougl. ),  locally  called  Brewer  oakl/,  tanoak 
(Lithocarpus  densiflorus  (Hook,  and  Arn. )  Rehd. ),  and  bigleaf  maple 


1/  McMinn,  Howard  E.  An  illustrated  manual  of  California 
shrubs.   Berkeley  and  Los  Angeles,  California.   663  pp.   1951* 


The   CQliformo  Forest  ond    Ronge  Experiment   Station  ,s   maintained   at   Berkeley  .n  cooperation  with  the  University  of  California 


(Acer  macrophyllum  Pursh)  sprouts  were  measured  at  Three  Creeks.   Dog- 
wood (Cornus  nut t alii  Audubon)  sprouts  were  examined  at  Slate  Creek. 

The  Three  Creeks  Fire  began  on  August  l8,  1951^  and.  was  not 
controlled  until  August  23.   Starting  in  heavy  logging  slash,  it 
burned  intensely,  clearing  the  ground  of  flammable  material  and  kill- 
ing almost  all  conifers  and  hardwoods  alike.   Consequently,  the  aerial 
parts  of  the  parent  trees  producing  the  sprout  clumps  were  dead. 

The  Slate  Creek  Unit  was  clearcut  by  alternate  blocks  in  1950 
and  1951'  Logging  completely  destroyed  the  parent  dogwood  trees.  A 
large  proportion  of  the  clumps  sprouted  from  former  skid  roads. 

Sprouts  were  measured  first  on  November  10,  1952,  when  data 
for  madrone  clumps  were  recorded.   The  madrone  clumps,  plus  50  Oregon 
white  oak,  50  tanoak,  and  10  bigleaf  maple  sprout  clumps,  were  also 
measured  on  October  30,  1953^  and  September  l6,  195^.   The  dogwood 
sprouts  were  measured  on  November  8,  1953;  and  October  13,  195^' 

Sprout  Development  by  Species 

Sprout  development  was  vigorous  although  differing  between 
species.   Growth  of  bigleaf  maple  sprouts  has  been  most  spectacular. 
They  are  the  tallest  2/.   They  also  have  more  sprouts  and  cover  more 
ground  space  per  clump  than  other  species.   At  the  end  of  the  third 
growing  season  the  average  clump  of  bigleaf  maple  sprouts  was  13  feet 
tall,  15  feet  in  diameter,  and  included  37  sprouts  (table  l).   Sprout- 
ing of  bigleaf  maple  is  not  as  important  to  foresters,  however,  as 
that  of  other  species  because  the  maple  is  not  widely  distributed.   It 
grows  only  on  stream  banks  or  other  situations  where  soil  moisture  is 
abundant . 

Madrone  sprouts  were  the  second  most  vigarous.   At  the  end  of 
the  third  year  these  clumps  averaged  10  feet  in  height,  8  feet  in 
diameter,  and  13  in  number  of  sprouts.   Although  not  as  vigorous  as 
bigleaf  maple,  madrone  sprouts  are  more  important  in  forestry  because 
they  are  distributed  more  widely  than  other  species  except  tanoak. 

In  order  of  decreasing  vigor,  madrone  sprouts  were  followed  by 
0ree,on  white  oak,  tanoak,  and  dogwood.   But  even  the  development  of 
dogwood  sprouts  was  impressive.   In  3  years  the  average  clump  had  lU 


2/  Comparisons  in  this  report  are  made  in  the  statistically 
significant  sense. 
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sprouts,  the  tallest  being  6  feet  high,  and  was  5  feet  in  diameter. 
Comparison  of  dogwood  sprouts  with  the  others  studied  is  not  strictly 
valid  because  the  dogwood  cliomps  are  growing  about  50  miles  further 
east  in  a  different  environment. 

One  ecological  pressure  affecting  dogwood  sprouts,  but  not 
others,  was  browsing  by  deer.   On  the  Slate  Creek  Unit  browsing  dam- 
age to  conifers  has  been  almost  non-existent,  but  62  percent  of  the 
dogwood  sprout  clumps  have  been  browsed  to  some  degree.   Of  these,  10 
percent  were  browsed  heavily. 

The  number  of  living  sprouts  was  reduced  drastically  between 
the  second  and  third  growing  seasons.  Weak  sprouts  died  and  growth 
was  concentrated  on  fewer  stems.  Reductions  were:  bigleaf  maple — 
from  78  sprouts  per  cliimp  in  the  second  year  to  37  sprouts  in  the 
third  year;  madrone — I6  to  13;  Oregon  white  oak — 27  to  10;  tanoak-- 
27  to  12;  and  dogwood  19  to  Ik. 

When  species  were  ranked  by  heights  of  the  tallest  sprouts,  or 
by  clump  diameters,  differences  between  species  were  statistically 
significant.   For  n\amber  of  sprouts  per  clump,  bigleaf  maple  had 
significantly  more  than  other  species,  but  the  only  other  significant 
difference  was  between  madrone  (ranked  second)  and  Oregon  white  oak 
(ranked  fifth  and  last). 

Diameter  of  Parent  Tree  Affects  Sprout  Development 

Root  systems  increase  in  size  as  trees  grow  larger.  Therefore, 
the  root  systems  of  larger  parent  trees  should  produce  more  vigorous 
sprout  cl\imps.  This  hypothesis  was  checked  by  separate  regression 
analyses  relating  diameter  of  the  parent  tree  to  height  of  the  tallest 
sprout,  to  diameter  of  the  sprout  clumps,  and  to  number  of  sprouts  per 
clump.  Measurements  taken  at  the  end  of  the  third  growing  season  were 
used. 

Analyses  showed  that  the  diameter  of  the  parent  tree  signifi- 
cantly affected  the  height  and  diameter  growth  of  sprout  clumps,  and 
the  number  of  sprouts  per  clump  (figures  1,  2,  and  3)«  For  example, 
the  tallest  madrone  sprout  in  a  clump  was  0.59  foot  taller  for  each 
additional  inch  of  the  parent  tree's  diameter.   Clump  diameter  in- 
creased 0.75  foot,  and  number  of  sprouts  increased  1.77  for  each 
additional  inch  of  diameter.  All  regression  coefficients  were  statis- 
tically significant  except  for  bigleaf  maple  where  sprout  height  and 
clump  diameter  were  less  dependent  upon  the  parent  tree's  diameter. 
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Figure  1. — Relation  of  height 
of  tallest  sprout  in  clump 
to  diameter  of  parent  tree, 
end  of  the  third  growing 
season. 


Figure  2. — Relation  of  number 
of  sprouts  per  clump  to 
diameter  of  parent  tree, 
end  of  the  third  growing 
season. 


Figure  3. — Relation  of  diameter 
of  the  sprout  clump  to 
diameter  of  parent  tree, 
end  of  the  third  growing 
season. 
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Conclusions 

Conclusions  from  measurements  of  sprouts  of  hardwood  trees  in 
northwestern  California  are: 

1.  After  destruction  of  their  aerial  portions  by  fire  or 
logging  operations^  several  kinds  of  hardwoods  produced 
vigorous  sprouts. 

2.  Sprout  height  growth  differed  by  species j  in  descending 
order^  bigleaf  maple^  madrone^  Oregon  white  oak,  tanoak, 
and  dogwood. 

3.  The  parent  trees  of  larger  diameter  produced  more  sprouts, 
taller  sprouts,  and  wider  clumps. 

These  facts  can  be  useful  to  the  forester  desiring  to  regener- 
ate a  burned  or  logged  area.   After  spacing  and  species  of  potential 
sprout  producers  are  determined  in  the  field,  information  such  as  that 
presented  here  can  be  applied  to  calculate  the  ground  area  which  will 
remain  available  for  conifer  reproduction.   If  hardwoods  are  too  niom- 
erous,  hardwood  poisoning  will  be  necessary  and  appropriate  action 
can  be  planned  well  in  advance.   When  trees  or  seed  are  planted,  spots 
near  living  hardwood  stumps  or  root  crowns  should  be  avoided.   Small 
trees  cannot  compete  with  vigorous  sprouts.  Therefore,  planting  must 
be  limited  to  places  which  will  remain  open  until  conifers  dominate 
other  vegetation. 
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FREEZING  INJURY  TO  SUGAR  PINE  CONES 

Gilbert  H«  Schubert^  Forester 
Division  of  Forest  Management  Research 


Evidence  that  immature  sugar  pine  cones  are  killed  by  severe  late  spring 
freezes  was  observed  for  the  first  time  on  the  Stanislaus  Experimental 
Forest  in  195'+«   Although  extremely  low  temperatures  previously  were 
suspected  to  have  destroyed  young  sugar  pine  cones^  no  definite  in- 
stances are  knovm  to  have  been  reported  heretofore. 

In  August  195^>  at  the  time  of  the  annual  cone  count  in  the  experimental 
area,  many  small  cones  were  observed  on  the  sugar  pine  trees.   At  first 
glance,  these  appeared  to  be  green  conelets  that  would  mature  in  1955 » 
Upon  closer  examination,  they  proved  to  be  brown  and  slightly  larger 
than  green  first-year  conelets  on  the  same  trees.   On  the  ground  beneath 
the  trees,  several  of  these  brown  cones  were  found.   None  had  the  resin 
globule  on  the  stem  characteristic  of  cones  killed  by  larvae  of  the 
sugar  pine  cone  beetle  (Conophthorus  lambertianae  Hopk.).  Furthermore, 
these  brown  cones  were  much  smaller  than  insect-killed  cones  and  showed 
no  visible  cause  of  death  (fig.  l)o 


Figure  1. 

Sugar  pine  cones: 

A.  Normal  appearance 
in  August  of 
second  year. 

B.  &  C.   Killed  by 

sugar  pine  cone 
beetles, 

D.   Killed  by  a  severe 
June  freeze. 
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The   Golifornio  Forest  and    Range   Experiment  Station  is   maintained   at   Berkeley  in  cooperation  with  the  University  of  California. 


Records  from  the  nearest  weather  station  v/ere  examined  for  clues  to 
the  cause  of  damage.   The  recording  station  is  about  2.5  miles  north- 
west of  the  study  area  and  about  1^000  feet  lov/er  in  elevation«   The 
weather  station  and  the  study  plot  were  in  different  drainages;,  but 
both  v/ere  on  south-facing  slopes.   A  minimum  temperature  of  20°  F.^ 
an  unusually  low  temperature ^  was  recorded  for  June  6  in  the  weather 
instrument  shelter  ^,5  feet  above  the  ground  level.   This  freeze^ 
which  occurred  after  treer  around  the  shelter  had  started  to  grow^ 
killed  most  of  the  new  shoot  growth^  particularly  on  the  v/hite  firs. 
The  maximum  and  minimum  temperatures  during  the  30-day  period  imme- 
diately preceding  the  freeze  were: 

Maximum  ( °F .  )      Minimum  (°F.) 

Average  70  35 

Range  hl^Qh  27-^5 

Although  the  exact  minimum  temperature  in  the  crowns  of  the  study 
trees  is  not  known^  it  probably  was  as  low  or  lower  than  at  the 
recording  station. 

Not  all  of  the  immature  sugar  pine  cones  were  affected  by  the  freeze. 
Approximately  S^^OO  cones  were  counted  on  95  trees.   Of  these  cones^ 
1_,U85  were  classified  as  frozen.   The  frozen  cones  occurred  on  35 
percent  of  the  trecs^,  generally  isolated  individuals.   Losses  appeared 
to  be  higher  in  thu  upper  halves  of  the  crowns _>  but  no  cone  counts 
were  made  to  verify  this  observation.   A  substantial  part  of  the 
frozen  cones-^^o  percent~-\/ere  found  on  a  single^,  isolated,  49-inch 
tree.   This  tree  was  situated  about  midway  on  a  southeast  slope. 
More  than  93  percent  of  the  cones  on  this  particular  tree  appeared 
to  have  been  frozen.- 

Although  sugar  pine  cone  crops  have  been  observed  for  the  past  29 
years  on  the  experimental  forest;  the  occurrence  of  frozen  cones  has 
never  been  repoi-ted.   Probably  some  frozen  cones  have  been  erroneously 
classified  in  the  past  as  "next  year's  cones."  Therefore^  losses  re- 
sulting from  late  .^-.ijring  freezes  may  explain  why  some  cone  crops  were 
lighter  than  predicted  or  failed  completely. 
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CALIFORNIA  CONE  CROP— 1955 

Gilbert  H.  Schubert^  forester, 
Division  of  Forest  Management  Research 


California  forest  trees  produced  a  good  cone  crop  in  only  a  few  local- 
ities in  1955*   Generally  the  crop  was  fair  or  less,  with  no  crops  or 
poor  crops  about  as  frequent  as  fair  oneso   These  are  the  main  conclu- 
sions from  a  study  of  cone-crop  reports  furnished  the  CaJ-ifornia  Forest 
and  Range  Experiment  Station  by  members  of  the  California  Division  of 
Forestry  and  of  the  administrative  branch  of  the  Uo  S»  Forest  Service. 
The  reports  were  based  on  occular  estimates  in  which  the  crop  was  rated 
as  none,  very  poor,  poor,  fair,  and  good.   Although  subjective,  the 
ratings  provide  valuable  information  for  those  planning  to  collect  seed. 

As  an  aid  to  seed  collectors,  the  crop  reports  have  been  segregated 
according  to  the  forest  tree  seed  collection  zones  described  by 
Fowells.  ±'      This  grouping  (table  l),  showed  that  the  most  promising 
localities  for  collecting  seed  of  important  species  were  as  follows: 


Redwood  ...... 

Giant  sequoia 
Sugar  pine  <, .  < 
Douglas-fir  . . 
Red  fir 


White  fir   . . , 
Coiilter  pine 


Zone  XIII 

Zones  IV  and  V 

Zone  IV 

Zone  XI 

Zone  II  (lower  part) 

and  Zone  IV  (upper) 

Zone  IV 

San  Benito  County 


A  map  of  the  collection  zones  is  appended  to  this  note,  but  since  the 
seed  crop  varies  widely  in  some  zones,  it  is  also  advisable  to  consult 
field  officers  of  the  California  Division  of  Forestry  or  the  U,  S. 
Forest  Service. 


— '  Fowells,  Ho  A.   Forest  tree  seed  collection  zones  in  Calif orniac 
U.  S.  Forest  Service,   Calif.  Forest  and  Range  Expt.  Sta.  Res.  Note  51, 
5  pp.,  illus.   19^6. 


The   California  Forest  and    Range  Experiment  Station  is   maintained   at   Berkeley  m  cooperation  with  the  University  of  California. 


Table  1. — Summary  of  cone  crops  by  species  and  seed  zone, 

California,  19$$ 


Species 


County  or  Seed 
Collection  Zone 


Cone  Crop  — ' 


DOUGLAS-FIR; 


Bigcone  Douglas-fir 

(Pseudotsuga  macrocarpa) 
Douglas-fir  (P.  menziesii) 


IX 

Poor 

II 

Poor  to  fair 

IV,  V 

None 

XI 

None  to  good 

XII,  XIII 

Fair 

FIR: 


Lowland  white  fir  (Abies  grandis) 
Red  fir  (A.  magnif ica) 


Silver  fir  (Ao  amabilis) 
White  fir  (A.  concolor) 


PINE: 


Bishop  pine  (Pinus  muricata) 
Coulter  pine  (Po  coulteri) 

Jeffrey  pine  (P.  jeffreyi) 


Lodgepole  pine  (P.  contort a) 
Monterey  pine  (P.  radiata) 
Ponderosa  pine  X^°   ponderosa) 


Sugar  pine  (P.  lambertiana) 


SEQUOIA: 

Giant  sequoia  (Sequoia  gigantea) 
Redwood  (S.  sempervirens") 


XIII 

III 

II,  IV 

V 

X 

X 

II,  III 

IV 

V 

X 


IV,  V 

XII 

XIII 


Fair 

Poor  to  fair 

None  to  good 

None 

Fair 

Poor 

Poor 

None  to  good 

None 

Fair 


XIII 

Fair 

Contra  Costa 

Poor 

to 

fair 

San  Benito 

Good 

I 

Fair 

II,  III,  IV,  V, 

VI,  VIII,  IX,  X 

None 

to 

poor 

XIII 

Fair 

XIII 

Fair 

I 

None 

to 

fair 

II,  IV 

None 

to 

poor 

V,  VI,  VIII,  X 

None 

II,  III 

Very 

poor  to  poor 

IV 

None 

to 

good 

V,  X 

Poor 

Fair  to  good 

Fair 

Good 


1/  Reported  by  technicians  of  the  California  Division  of  Forestry 
and  the  California  Region,  Uo  S.  Forest  Service, 
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SEED   COLLECTION   ZONES,  CALIFORNIA 


NORTHERN  EAST  SIDE  SIERRA 

NORTHERN   WEST  SIDE    SIERRA,  HIGH   SITE 

NORTHERN  WEST  SIDE   SIERRA,    LOW    SITE 

SOUTHERN  WEST  SIDE    SIERRA,  HIGH  SITE 

SOUTHERN  WEST  SIDE    SIERRA,  LOVJ   SITE 

SOUTHERN   EAST    SIDE   SIERRA, 

NORTHERN  SUBALPINE 

SOUTHERN    SUBALPINE 

SOUTHERN  CALIFORNIA 

NORTH   COAST  PINE 

COAST  RANGE    DOUGLAS   FIR 

NORTHERN    REDWOOD 

SOUTHERN    REDWOOD 


\ 


V 


V 
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AIR  DELIVERY  OF   \¥ATER  HELPS  CONTROL 
BRUSH  AND  GRASS  FIRES 

By  Joseph  B.    Ely,    Fire  Control  Officer,    Mendocino  National  Forest, 

and  Arthur    vV".    Jensen,    Forester,    Division  of  Forest  Fire  Research, 
California  Forest  and  Range  Experiment  Station. 


Dropping  water  or  fire-retardant  chemicals  from  low-flying  air- 
craft can  help  ground  forces  control  brush  and  grass  fires.     That  such 
water  drops  are  practicable  has  been  demonstrated  by  a  recent  series 
of  field  trials  and  calibration  tests  conducted  by  the  Mendocino 
National  Forest  and  the  California  Forest  a.nd  Range  Experiment 
Station  in  cooperation  with  the    v'/illows  Flying  Service,    the  California 
Division  of  Forestry,    and  the  Arcadia  Equipment  Development  Center. 
As  much  as   120  gallons  of  water  at  a  time  was  carried  to  fires  in  an 
airplane  normally  used  for  crop  dusting  and  other  agricultural  purposes. 
Water  dropped  through  a  single  outlet  designed  by  the   Willows  Flying 
Service  proved  effective  in  quieting  hot  spots  on  large  fires  and  in  re- 
tarding spread  of  small  fires  in  brush  and  grass. 

Previous   studies  —    have  established  several  guidelines  for  drop- 
ping water  from  aircraft: 

1,  The  danger  to  men,    equipment,    and  buildings 
prohibit  the  use  of  missiles  or  droppable  con- 
tainers--in  fact,    any  projectile--in  populated 
areas  or  as  close  support  to  fire  fighters  on 
the  ground. 

2.  Aircraft  must  be  maneuverable  and  have  a 
considerable  reserve  of  power. 


l_l     See  Bibliography,    page    12. 

The  Colifornio  Forest  ond    Range  Experiment  Stotion  is  naaintoined  ot  Berkeley  in  cooperation  witti  the  University  of  Californio 


3.  Pilots  should  be  capable  of  flying  close  to  rough 
topography  and  of  achieving  pinpoint  accuracy 
with  safety. 

4.  vVater  dropped  free-fall  reaches  the  ground  and 
has  a  significant  effect  on  some  fires. 

In  consideration  of  these  guidelines,    it  was  decided  to  test  the  adap- 
tability of  an  agricultural  aircraft  as  an  aerial  tanker,    and  to  at- 
tempt drops  of  uncontained  water  on  fires. 


THE  AERIAL  TANKER 

At  the  suggestion  of  the  fire-control  staff  of  the  Mendocino 
National  Forest,    the    //illows  Flying  Service  adapted  a  plane  used 
in  agricultural  work  for  trial  as  an  aerial  tanker.     This  plane,    a 
450-horsepower  biplane  (fig.  1),    has  a  l60-gallon  tank  in  the  fuse- 
lage and  is  equipped  with  conventional  valves  and  nozzles  for 
a^^ricultural  spraying  and  seeding  operations.     The  spray  equip- 
ment was  removed  and  a  single  outlet  was  installed  at  the  base  of 
the  tank  (fig.  2).     Removing  the  conventional  equipment  and  instal- 
ling the  special  tank  outlet  requires  about  4  hours. 

The  outlet  measures  7  by  18  inches  and  is  constructed  of 
heavy  sheet  metal.     The  outlet  gate  is  hinged  at  the  front  and  has 
a  rubber  gasket  to  insure  watertight  seal.     At  first,    the  gate  was 
equipped  with  a  simple  latch  released  from  the  cockpit.      vVith  this 
arrangement,    the  sudden  release  of  water  caused  the  plane  to 
jump  about  100  feet  and  the  pilot  to  black  out  temporarily.      This 
difficulty  was  corrected  by  equipping  the  outlet  gate  with  a  con- 
trolling lever  which  permitted  the  pilot  to  open  the  gate  more 
slowly,    and  in  all  subsequent  tests  when  full  loads  were  dropped 
the  gate  was  opened  slowly  at  first. 


PRELIMINARY  TRIALS 

Preliminary  trials  were  conducted  in  early  August   1955 
over  flat  ground  at  an  airport.      These  trials  showed  that  water 
could  be  dropped  successfully  from  this  aircraft.     In  the  first 
trial,    a  load  of  120  gallons  of  water  was  dropped  from  an  eleva-^ 
tion  of  30  feet  at  an  airspeed  of  80  miles  per  hour.     The  water 
from  this  drop  covered  an  area  approxinnately  30  feet  wide  and 
285  feet  long.     A  test  fire  in  grass,    20  feet  wide  and  600  feet 
long,    required  three  120-gallon  loads  of  water  and  10  minutes  of 
follow-up  work  by  hand  for  control. 
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Figure   1.  --The  agricultural  biplane  used  for  the 
water-drop  tests. 
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Figure  2.  --Close-up  of  special  tank  outlet. 
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FIELD  TRIALS 

The  next  step  was  to  try  water  drops  on  actual  wildfires. 
During  August  the  plane  was  used  4  times  on  3  fires  (table  1).     In 
three  trials  the  air  tanker  proved  to  be  of  considerable  help  to 
ground  forces  although  in  one  of  these  it  was  apparent  that  too 
iTuch  was  expected  of  a  single  plane.     One  fire  was  under  control 
when  the  plane  arrived  so  that  the  water  drop  was  unnecessary 
though  helpful  in  mop°up. 

On  initial  attack  the  loaded  plane  was  dispatched  from  its 
vVillows  base  immediately  after  ground  forces  were  started  to  the 
fire.     At  the  same  time,    aviation  gasoline  and  a  water  tanker  were 
sent  to  the  airport  nearest  the  fire.     Prominent,    well  known  peaks 
were    used  as  landmarks.     A  reconnaissance  plane,    in  communica- 
tion with  ground  forces  and  the  "refill"  airport,    correlated  the 
ground  and  air  activity.     In  the  future  the  company  plans  to  fly  a 
maintenance  mechanic  to  the  airport  to  refuel  and  load  the  air 
tanker,    do  maintenance  work  as  necessary,    and  prevent  damage 
to  the  plane  by  well  intentioned  but  inexperienced  personnel  during 
the  loading  operations. 


CALIBRATION  TESTS 

It  was  apparent  that  air  delivery  of  water  made  this  aircraft 
a  practical  fire  fighting  tool,    but  quantitative  information  was  needed 
to  improve  tactical  methods  for  water  delivery.     Accordingly,    a 
limited  series  of  tests  was  conducted  at  the    »A'"illows  airport  and  Elk 
Creek  Butte  Lookout  on  August  31  and  September   1,    1955  to  obtain 
the  following  information: 

1.       The  effect  of  plane  height,    plane  speed,    and 
wind  velocity  and  direction  on  the  amount  and 
distribution  of  water  received  on  the  ground, 

Z,       The  amount  of  water  loss  to  be  expected  dur- 
ing summer  fire  weather. 

3.  The  effect  on  amount  and  distribution  of  drop- 
ping part  of  the  total  load  in  each  of  several 
runs  (multiple  passes)  with  the  pilot  aiming 
for  the  same  spot  each  time. 

4.  The  practicability  of  dropping  a  sodium-calcium 
borate  fire -retardant  from  this  aircraft. 
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5.       The  amount  of  penetration  of  water  and  retar- 
dant  into  brush  cover. 


Procedure 

For  measuring  the  amount  and  distribution  of  water,    121   cans, 
3  inches  in  diameter  and  7/8  inches  tall,    were  placed  in  a  50  by  300- 
foot  rectangular  grid.      Within  this  grid  the  cans  were  spaced  5  feet 
apart  across  the  width  and  30  feet  apart  along  the  length.     The  cans 
were  covered  immediately  after  each  test  and  the  water  received  by 
each  was  weighed  before  making  the  next  test.     To  measure  penetra- 
tion into  brush,    10  pairs  of  cans  were  distributed  in  brush  of  different 
densities  in  the  target  area.      Each  pair  consisted  of  one  can  at  the  top 
of  brush  crown,    and  one  on  the  ground. 

vVind  direction  and  velocity  were  recorded  automatically  during 
each  test.      Temperature  and  relative  humidity  were  measured  imme- 
diately after  each  test.     The  line  of  flight  of  the  plane  with  reference 
to  the  grid  was  also  recorded. 

Although  this  aircraft  can  carry  a  maximum  of  160  gallons  of 
water,    nominal  full-load  tests  were  made  with  125  gallons  of  water 
or   100  gallons  of  retardant.     At  elevations  normally  experienced  on 
the  Mendocino  National  Forest  this  is  the  maximurri  safe  load. 


Results 

During  the  tests  wind  velocity  varied  from  calm  to  8  miles  per 
hour,    air  temiperature  from  80  to   ilO°F,    and  relative  humidity  from  6 
to  19  percent.     In  one  test  the  plane's  tail  was  low  and  the  propeller 
wash  blew  over   some  of  the  grid  measuring  cans. 

The  patterns  of  distribution  fronn  these  tests  were  roughly  oval, 
from  4  to  7  times  longer  that  wide  (fig.  3).      When  the  full  load  was  re- 
leased in  one  pass  the  greatest  concentration  of  water  was  obtained 
when  the  airplane  was  flying  at  low  speed  and  low  elevation  into  the 
wind  (tables  2  and  3).     Both  higher  speed  and  greater  elevation  in- 
creased the  total  length  of  pattern  but  gave  lower  concentration. 

About  75  percent  of  the  water  reached  the  ground  in  measurable 
quantities  in  the  low-altitude,    low -speed,    headwind  tests;  about  65  per- 
cent in  the  higher  altitude,    crosswind  tests.     At  top  speed  and  low  ele- 
vation,   about  70  percent  of  the  water  released  reached  the  ground.      Only 
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TEST    4 
Height  30tt    Speed  90mph 
Gallons   125 -Passes     I 


TEST    6 
Height  90ft  -Speed  SOmph 
Gallons  125  -  Passes    I 


TEST    10 
Height  30ft    Speed  80mph 
Gollons   125  -  Passes    I 


15       30  60      45       30        15        0  30 

DISTANCE     FROM      LINE     OF     FLIGHT   (FEET) 


15       30 


Figure   3.  --Sample  distribution  patterns  from  water-drop  tests; 
contour  lines  indicate  concentration  of  water  in 
gallons  per    100  square  feet. 
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Table  2.  --Length  of  water  pattern  along  line        . 
of  flight,    by  concentration  of  water— 


Test 
No. 


Aircraft 


Height 


Speed 


Wind 


Direction 


Velocity 


Amount 

of 

Water 

dropped 


No.  of 
Passes 


Total 
Length 


Length  when  concentration  (in  gal. 
per   lOO^q.ft.  )  was-- 


0.  5 


1.  0 


Feet 

M.p.h. 

M.p.h. 

Gallons 

2 

30 

80 

Head 

3-5 

125 

10 

30 

80 

Head 

6-8 

125 

4 

30 

90 

Head 

0-2 

125 

3 

30 

90 

Cross 

0-1 

125 

5 

90 

80 

Cross 

3-4 

125 

6 

90 

80 

Cross 

4-5 

125 

7 

30 

80 

Cross 

1-4 

125 

8 

30 

80 

Cross 

2-4 

125 

9 

30 

80 

Head 

0-1/2 

40 
3/40 

11 

30 

80 

Head 

6-8 

Feet        Feet 


Feet 


2.0 


3.0 


Feet        Feet 


4.0 


Feet 


230 

210 

(2/) 

(2/) 

(2/) 

(2/) 

240 

212 

160 

100 

30 

15 

360 

305 

210 

85 

10 

0 

330 

280 

160 

50 

0 

0 

290 

230 

100 

20 

0 

0 

290 

175 

135 

10 

0 

0 

285 

210 

185 

0 

0 

0 

345 

219 

165 

20 

0 

0 

210 

175 

113 

30 

0 

0 

165 

(2/) 

(2/) 

(2/) 

(2/) 

(2/) 

1/      Concentration  measured  along  5-foot  strip  parallel  to  fight  line  through  area  of  greatest 

concentration. 
2/      Collecting  devices  failed. 
3/      Fire  retardant  chemical  dropped. 
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Table  3.  --Water  distribution  by  area  for  different  concentrations 


Amount 

Area 

covered 

by  concentration 

Aircra 

ft 

W 

nd 

of 
Water 

No.  of 

Total 

(in  g 

al.  per   100  sq.ft 

.)of- 

Test 

No. 

Height 

Speed 

Direction 

Velocity 

dropped 

Passes 

Area 

0.  5 

1.  0 

2.0 

3.0 

4.0 

Feet 

M. 

p.h. 

M.p.h. 

Gallons 

Sq.Ft. 

Sq.  Ft. 

Sq.Ft. 

Sq.Ft. 

Sq.  Ft. 

Sq.Ft. 

2 

30 

80 

Head 

3-5 

125 

9,613 

(2/) 

(2/) 

(2/) 

(2/) 

(2/) 

10 

30 

80 

Head 

6-8 

125 

11, 332 

5,  644 

4,  000 

1.  656 

269 

26 

4 

30 

90 

Head 

0-2 

125 

16, 560 

6,  375 

4,284 

356 

19 

0 

3 

30 

90 

Cross 

0-1 

125 

14, 361 

6,624 

3,286 

277 

0 

0 

5 

90 

80 

Cross 

3-4 

125 

15,974 

6,  943 

3,  531 

75 

0 

0 

6 

90 

80 

Cross 

4-5 

125 

15,449 

6,  118 

2,668 

112 

0 

0 

7 

30 

80 

Cross 

1-4 

125 

12,818 

6,634 

2,902 

0 

0 

0 

8 

30 

80 

Cross 

2-4 

125 

5 

13, 350 

4,  544 

2,607 

94 

0 

0 

9 

30 

80 

Head 

0-1/2 

40 

1 

7,275 

3,  038 

1,  569 

150 

0 

0 

1/      Test  11  not  included  because  measuring  device  failed. 
2/      Measuring  device  failed. 


20  to  30  percent  of  the  water  reaching  the  ground  was  in  concentra- 
tions of  1  gallon  or  more  per   100  square  feec.     Apparently,    wind 
direction  and  velocity  is  the  most  iniporcant  factor  affecting  percent 
of  water  reaching  the  ground  in  a  useful  pattern. 

Relatively  high  concentration  was  obtained  when  a  40-gallon 
load  was  dropped  in  1  pass  as  compared  witn  a  i25-gallon  load 
dropped  in  miultiple  passes.     In  making  more  than  one  pass  with  a 
capacity  load,    the  manually  operated  outlet  gate  was  only  partially 
opened  for  each  pass  because  it  could  not  be  closed  against  a  full* 
stream  discharge.     As  a  result,    only  about  half  of  the  water  reached 
the  ground  in  measurable  quantity.     More  rapid  release  of  water 
should  result  in  greater  concentrations  for  all  sizes  of  loads. 

In  medium  and  light  brush  there  was  no  significant  difference 
between  the  amounts  of  water  received  at  the  crown  and  on  the 
ground.     In  heavy  brush,    however,    there  was  considerable  varia- 
tion --  from  ZG  to  90  percent  as  much  water  reaching  the  ground 
as  was  received  at  crown  level. 

Results  from  the  retardant  tests  were  similar  to  those  ob- 
tained with  plain  water.      However,    the  heavy  sodium-calcium  borate 
suspension,    weighing   iO  pounds  per  gallon,    did  not  disperse  as 
readily  as  water  (fig.  4)  and  had  a  smaller  distribution  pattern 
(table  2)  with  particularly  heavy  concentration  in  the  center.     All 
of  the  measuring  cans  in  the  center  of  the  pattern  were  tipped  over 
by  the  retardant.     Penetration  into  heavy  brush  was  more  uniform 
than  with  water;  45  to  60  percent  of  the  amiount  received  at  the  crown 
level  reached  the  ground.     The  standing  brush  was  well  coated  with 
retardant. 


CONCLUSIONS-  A  N  P_  R_  E  g  O  MM  END  /'.  T I O  N3 

These  limited  tests  have  shown  that  water  or  chemical  dropped 
free-fall  fromi  small  airplanes  can  have  significant  effect  on  small 
grass  and  brush  fires,    or  on  somie  parts  of  large  ones.     To  obtain 
the  greatest  concentration  of  liquid  on  the  ground,    the  airplane  should 
fly  as  low  and  as  slowly  as  conditions  permii;  and  as  nearly  into  the 
wind  as  possible.      The  more  rapidly  water  is  released,    the  greater 
the  concentration  will  be.     Increasing  the  altitude  or  airspeed  or  drop- 
ping   in  a  crosswind  will  give  greater  area  coverage  but  will  reduce 
concentration. 

As  with  all  specialized  tools,    the  aircraft  used  for  aerial  tan- 
kers niust  be  in  top  mechanical  condition.     Also,    pilots  nnust  be 
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A 


'    1 


\ 


B 


Figure  4.  --Dropping  water  and  retardant;  note  difference  in 
break-up  of  the  liquid  A,    water;    B,    retardant. 
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experienced  both  in  flying  under  rnounLain  conditions  and  in  low  level 
air  drops.     Pilots  are  cautioned  to  watch  for  sudden  jun'ips  when  re- 
leasing large  amounts  of  water.     They  should  avoid  a  taildown  plane 
attitude  when  dropping  fronri  low  heights  to  minimize  effects  of  slip- 
stream on  the  water. 

One  aerial  tanker  has  been  of  significant  assistance  to  ground 
crews  on  fires.     Indications  are  that  several  planes  used  in  quick 
succession  will  not  only  be  more  efficient  but  rnay  be  able  to  hold 
temporarily  short  pieces  of  hot  fire  line.     It  is  not  necessary  to  evac- 
uate the  target  area  as  uncontaine  J  water  drops  from  this  aircraft  are 
not  dangerous  to  personnel. 

Considerable  work  still  needs  to  be  done  before  the  aerial  tan- 
ker can  become  a  cornnion  fire  fighting  tool.      The  optimum  speed, 
altitude,    direction  of  flight,    and  method  of  releasing  the  water  or 
chemical  for  each  tactical  situation  need  to  be  determined.     Informa- 
tion is  needed  on  the  amount  of  water  or  chemical  required  to  affect 
fires  under  different  fuel  and  burning  conditions.     More  test  drops 
should  be  made  under  a  greater  variety  of  weather  and  fuel  conditions, 
pii-rticularly  at  wind  velocities  greater  than  those  encountered  in  these 
tests.     A  n-.eans  of  closing  the  outlet  gate  against  a  full  stream  of  water 
is  needed  to  permit  higher  concentrations  of  water  than  are  now  possible 
in  multiple-pass  drops.     Ground-to-air  communication  should  be  im- 
proved for  better  tactical  use. 
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EFFECT  OF  STORAGE  TEMPERATURE  ON  VIABILITY  OF 
SUGAR,  JEFFREY,  AND  PONDEROSA  PINE  SEED 

By 

Gilbert  H.  Schubert,  Forester, 

Division  of  Forest  Management  Research 


The  effect  of  storage  temperature  on  the  viability  of  sugar, 
Jeffrey,  and  ponderosa  pine  seed  was  studied  to  determine  a  suitable 
condition  for  each  of  the  three  species.   Barton  ±.1    has  reported 
'k     C.  (25°  F. )  as  being  better  for  ponderosa  pine  than  either  -11°  C. 
or  -18  C.  (12°  F.  or  0°  F, ),  but  storage  temperatures  have  not  been 
recommended  for  either  sugar  or  Jeffrey  pine  seed..   Before  1952,  all 
seed  stored  at  this  Experiment  Station  was  kept  in  air-tight  containers 
at  hi     F.  (5  C).  However,  germination  tests  on  some  seed  lots,  par- 
ticularly sugar  pine,  indicated  that  storage  at  Ul  F.  might  not  be 
the  optimum  temperature  for  all  species.   Results  of  the  present  stor- 
age test  indicate  that  seeds  of  all  three  pines  maintain  higher  via- 
bility when  stored  at  temperatures  lower  than  Ul°  F.  and  that  the 
optimum  temperature  differs  for  each. 

Methods 

The  seeds  for  this  study  were  collected  during  September  1952. 
After  the  seeds  were  air-dried  a  sample  of  each  species  was  used  to 
determine  the  moisture  content.   The  moisture  contents,  as  a  percent 
of  oven-dry  weight,  were:   Sugar  pine,  9«5i  Jeffrey  pine,  5.^j  and 
ponderosa  pine,  5«1»  Four  half -gallon  cans  with  tight  lids  were 
filled  with  seeds  of  each  species.   One  can  of  seeds  of  each  was 
placed  in  storage  at  0°  F.,  23°  F,,  32°  F.,  and  k±^   F. 

Germination  tests  were  conducted  with  fresh  seed  in  the  spring 
of  1953  and  with  stored  seed  in  the  summer  of  1955*   In  1953^  2  repre- 
sentative samples  of  250  seeds  of  each  species  were  stratified  in 
moist  vermiculite  in  gallon  cans  for  3  months  at  36°  F.   In  1955>  2 


1/  Barton,  Lela  V.   195^0   Effect  of  subfreezing  temperatures 


on  viability  of  conifer  seeds  in  storage. 
Contrib.  I8:  21-2U,  illus. 
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representative  samples  of  25O  seeds  from  each  storage  temperature  for 
each  species  were  similarly  stratified  except  that  they  were  left  in 
stratification  for  5  months.,  The  longer  stratification  period  for 
the  stored  seed  was  necessary  because  of  insufficient  germinating 
flats.   Therefore^  the  seeds  were  held  in  stratification  an  addi- 
tional 2  months  until  the  flats  in  use  becam.e  available o 

Germination  counts  were  made  at  weekly  intervals  and  continued 
until  no  further  germination  occurred,.   As  the  seedlings  were  counted, 
they  were  pulled  out  of  the  flats,  examined,  and  then  discarded. 

Results 

The  germinative  capacities  of  the  fresh  seeds  were:   Sugar 
pine,  98  percent 5  Jeffrey  pine,  93  percent;  and  ponderosa  pine,  86 
percent.   Most  of  the  seed  germinated  during  the  first  week — sugar 
pine,  90  percent;  Jeffrey  pine,  75  percent;  and  ponderosa  pine  80  per- 
cent.  By  the  end  of  the  second  week  all  of  the  sugar  and  ponderosa 
pine  and  87  percent  of  the  Jeffrey  pine  seed  had  germinated.   The  re- 
maining 6  percent  of  the  viable  Jeffrey  pine  seed  continued  to  ger- 
minate during  the  next  h   weeks. 

At  the  time  the  stored  seeds  were  removed  from  the  5-nionth 
stratification,  most  of  the  sugar  pine  seed  which  had  been  stored  at 
32°  F.  and  lower  had  germinated.   Some  of  the  Jeffrey  pine  seed  but 
very  few  of  the  ponderosa  pine  seeds  also  germinated  while  in  strat- 
ification. The  pregermination  percentages  were: 

Sugar      Jeffrey     Ponderosa 


Storage  temperatures : 

pine 

pine 

pine 

0°  F. 

86 

21 

1^ 

23°  F. 

80 

22 

1 

32°  F. 

66 

20 

1 

Ul°  F. 

3 

21 

2 

Most  of  the  remaining  seeds  germinated  during  the  first  week, 
and  all  viable  seeds  of  all  three  species  had  germinated  by  the  end 
of  the  fourth  week.   The  final  germination  percentages  were: 

Sugar      Jeffrey      Ponderosa 


Storage  temperatures: 

pine 

pine 

pine 

0°F. 

9i^ 

91 

76 

23°  F, 

81+ 

93 

78 

32°  F. 

77 

85 

85 

^1°  F,  6  dk  76 
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The  sugar  pine  seeds  stored  at  i<-l  F.  were  covered  with  a  thin 
layer  of  mold  at  the  time  they  were  removed  from  storage.  After  strat- 
ification both  samples  of  these  seeds  were  covered  with  a  thick  layer 
of  mold  and  were  all  matted  together.  None  of  the  sugar  pine  seed 
stored  at  the  three  lower  temperatiores,,  nor  any  seed  of  the  other  two 
species  became  moldy  during  the  study  period. 

Sugar  pine  seed  stored  at  0°  F.,  and  possibly  at  23°  F.,  may 
not  require  as  much  as  3  months  stratification  to  produce  satisfac- 
tory germination.  At  the  time  the  stored  seeds  were  prepared  for 
stratification;,  it  was  noted  that  the  sugar  pine  seed  stored  at  0  F. 
were  covered  with  small  ice  crystals.  After  the  seeds  had  thawed  at 
room  temperat\ire  (approximately  70°  F. ),  a  few  seeds  were  cut  open. 
All  endosperms  and  embryos  were  plump  and  moist.  Therefore,  a  repre- 
sentative sample  of  190  seeds  were  sown  directly  in  a  germinating 
flat  without  stratification.   Since  only  8  seeds  germinated  during 
the  first  k   weeks ^  the  flat  was  placed  in  the  36°  F,  refrigerator  for 
1  month.   Within  2  weeks  after  removal  from  the  refrigerator,  93  per- 
cent of  the  seeds  germinated. 

Summary  and  Discussion 

Seeds  of  sugar,  Jeffrey,  and  ponderosa  pine  were  stored  in 
half -gallon  cans  with  tight  lids  at  k   temperatures--0  F.,  23°  F,, 
32°  Fo,  and  Ul°  F.   Best  results  were  obtained  for  sugar  pine  at 
0°  F,,  for  Jeffrey  pine  at  23°  F.,  and  for  ponderosa  pine  at  32°  F. 
Sugar  pine  seed  stored  at  ifl°  F.  lost  almost  all  viability;  however, 
for  the  other  two  species  the  difference  between  the  best  germination 
and  that  at  4l°  F.  was  only  9  percent.   A  heavy  formation  of  mold  on 
the  sugar  pine  stored  at  Ul°  F.  may  be  indicative  of  a  too-high  mois- 
ture content  for  seeds  stored  at  that  temperature. 

Although  not  a  part  of  the  designed  test,  a  stratification 
period  of  5  months  at  36°  F.  was  found  to  be  too  long  for  both  sugar 
and  Jeffrey  pine  seeds.  Approximately  90  percent  of  the  viable  sugar 
pine  and  2k   percent  of  the  Jeffrey  pine  seed  germinated  while  in 
stratification.   Pregerminated  seeds  are  unsuitable  for  direct  seed- 
ing in  the  field  or  for  sowing  in  the  nursery  because  the  radicles  are 
too  easily  broken  in  handling  the  seed.  A  separate  test  indicated 
that  sugar  pine  seed  stored  at  0°  F.  may  require  only  a  1-month, 
rather  than  the  usual  3-month  stratification  to  produce  satisfactory 
germination. 

Further  tests  on  the  same  seed  lots  will  be  continued  in  the 
5th  and  10th  year  of  storage  to  determine  the  effects  of  storage 
temperatures  after  longer  storage  periods. 
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DON'T  PLANT  CLOSE  TO  UNBARKED  LOGS] 

D.  F.  Roy,  Forester, 
Division  of  Forest  Management  Research 


Instructions  for  planting  forest  trees  usually  stress  the  impor- 
tance of  placing  them  in  spots  which  vill  he  shaded  at  least  part  of 
the  day.   The  shady  sides  of  logs  and  stumps  often  are  cited  as  exam- 
ples of  good  planting  spots.   Observations  in  the  California  Douglas- 
fir  type  suggest  that  such  spots  are  not  desirable.  Three  years  after 
logging  the  bark  on  cull  logs  begins  to  slough  off  in  large  patches  and 
smothers  seedlings  nearby  (fig.  l). 

The  area  where  baxk  may  fall  is  a  strip  close  to  the  log.   It 
varies  in  width  depending  upon  the  diameter  of  the  log,  as  shown  by  a 
few  sample  measurements: 
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Figure  1. — Douglas-fir  cull  log  showing 
large  patch  of  bark  which  sloughed 
off  3  years  after  logging. 

Seedlings  killed  by  sloughing  bark  are  not  numerous  enough  to  cause 
plantation  failure.   However,  falling  bark  is  one  of  several  causes 
which  decimate  planted  trees.  To  enhance  planting  success,  planters 
must  recognize  and  avoid  such  danger  spots. 
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FIRE  SEASON  SEVERITY  IN  1955 
ON  THE  KLAMATH  NATIONAL  FOREST 

Cllve  M.  Countryman,  Forester, 
Division  of  Forest  Fire  Research 


Forest  fires  in  1955  burned  over  more  land  in  northern  California 
than  in  any  other  fire  season  in  recent  history.  Much  of  this  area  was 
burned  in  two  weeks  of  extremely  severe  fireweather  in  late  August  and 
early  September.   During  this  time,  the  Haystack  fire  alone  swept  over 
more  than  64,000  acres  on  the  Klamath  National  Forest.  What  were  the 
burning  conditions  that  led  to  the  disastrous  Haystack  and  other  large 
fires  of  this  period?  Analysis  of  the  daily  fire  danger  on  the  Klamath 
National  Forest  shows  that  the  extreme  conditions  in  early  fall  climaxed 
a  fire  season  already  marked  by  unusually  severe  burning  conditions. 

Measurement  of  Burning  Conditions 

Fire /danger  ratings  compiled  daily  on  the  national  forests  of 
California—  can  be  used  as  a  measure  of  burning  conditions.  These 
numerical  ratings  are  proportional  to  the  forward  rate  of  spread  of 
fire  for  observed  conditions  of  wind  velocity,  temperature,  humidity, 
and  moisture  content  of  fine  fuels.   In  fuel  types  where  large-sized 
fuels  are  important,  the  rating  is  adjusted  to  include  the  effect  of 
the  moist-ore  content  of  these  fuels  on  rate  of  spread  and  fire  intensity. 
Thus  in  timbered  areas,  such  as  most  of  the  Klamath  National  Forest, 
both  the  daily  fire  weather  and  moisture  content  of  large  fuels  must  be 
considered  in  evaluating  the  severity  of  burning  conditions. 


1/  U.S.  Forest  Service,  California  Region. 
11  pp.  plus  appendix.   1955. 
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Daily  Fire  Danger 

As  a  measure  of  the  severity  of  the  daily  fire  weather  in  dif- 
ferent years,  the  fire  danger  ratings  before  adjustment  for  moisture 
content  of  large  fuel  were  cumulated  for  July,  August,  and  September. 
The  totals  (table  l),  show  that  the  daily  fire  danger  in  1955  ranked 
near  or  at  the  top  in  all  of  the  timbered  areas.   In  contrast,  the 
fire  season  of  1948-- -generally  considered  an  "easy"  fire  year-- 
ranked  near  or  at  the  bottom  for  all  areas . 


Table  l.--C'.imulated  fire-danger  ratings  for  rating  areas 

on  the  Klamath  National  Forest,  1945-1955 


: Fire- danger  rating  area  and  station 

:  Area  1  :  Area  2  :  Area  3  i   Area  4  :  Area  5  :  Area  6  :  Area  7 
:        :   Fort   :  Happy  i   Sawyers :        :  Happy  :  Mt . 
Year  :  Yreka  :   Jones   :  Gamp   :  Bar    :  Callahan:  Camp   ;  Hebron 


1945 

~ 

3,256 

2,885 

2,925 

2,634 

2,885 

1,031 

1946 

2,409 

2,734 

2,394 

2,672 

2,348 

2,394 

1,112 

1947 

2,813 

2,835 

2,264 

2,591 

2,074 

2,264 

1,075 

1948 

2,366 

2,493 

2,442 

2,248 

2,235 

2,442 

942 

1949 

2,846 

2,849 

2,829 

2,649 

2,336 

2,849 

1,181 

1950 

2,754 

2,804 

2,881 

2,863 

2,798 

2,804 

1,018 

1951 

3,010 

2,823 

2,989 

3,213 

3,081 

2,823 

1,153 

1952 

2,693 

2,746 

3,043 

2,771 

2,775 

2,746 

1,033 

1953 

2,604 

2,633 

2,430 

2,943 

2,579 

2,633 

992 

1954 

2,639 

2,707 

2,611 

2,644 

2,442 

2,707 

1,148 

1955 

3,053 

2,988 

2,861 

3,070 

2,562 

2,988 

1,113 

Note:   Areas  1  to  6  are  classified  as  timber  fuel  types.  Area 
7  is  a  grass  fuel  type. 


Moisture  Content  of  Large  Fuels 

The  moisture  content  of  the  large  fuels  at  any  time  during  the 
fire  season  depends  upon  the  am.ount  of  moisture  in  the  fuels  at  the 
beginning  of  the  season  and  the  a^nount  they  have  dried  during  the 
season.   In  the  danger  rating  system,  these  conditions  are  expressed 
by  two  indexes.   One  is  a  "precipitation  index"  derived  from  the 


-2. 


amount  of  precipitation  received  at  selected  stations  during  the  win- 
ter and  spring  months.  This  index  is  used  as  a  measure  ol  the  moisture 
content  of  the  large  fuels  at  the  beginning  of  the  fire  season.  A 
high  precipitation  index  indicates  wet  fuels  and  a  low  index  indicates 
relatively  dry  fuels.   The  other  index  is  a  "drying  index"  computed 
from  the  deviations  in  moisture  content  of  fuel-moisture  indicator- 
sticks.  Large  plus  values  indicate  poor  drying  conditions,  with  the 
large  fuels  drying  slowly  from  their  starting  moisture  content. 
Large  negative  values  indicate  good  drying  conditions  resulting  in 
rapid  drying  of  the  large  fuels. 

In  timbered  areas,  the  character  of  the  fire  season  is  closely 
associated  with  these  indexes.   In  the  easy  fire  year  of  1948,  for 
example,  the  precipitation  index  for  the  Yreka  area  was  moderately 
high,  and  the  drying  index  reached  its  highest  plus  value  for  the 
1945-1955  period  (fig.  l) .  Large  fuels  in  this  year,  then,  started 
the  season  at  a  high  moisture  content  and  dried  slowly  so  that 
moisture  content  of  these  fuels  remained  relatively  high  throughout 
the  entire  season.   In  contrast,  the  precipitation  index  in  1949  was 
low  and  the  drying  index  reached  a  large  negative  value.   Thus  large 
fuels  started  the  season  relatively  dry  and  dried  more  than  usual 
during  the  summer .   The  effect  of  the  low  moisture  content  of  large 
fuels  on  fire  behavior  was  partly  responsible  for  the  1949  season 
being  considered  one  of  the  most  difficult^)f  recent  years. 

In  1955,  both  the  precipitation  index  and  drying  index  were 
at  the  minimum  for  the  11-year  period.   This  indicates  that  the  large 
fuels  started  the  season  with  exceptionally  low  moisture  content  and 
become  abnormally  dry  during  the  season.   Such  conditions  would  lead 
to  extremely  hot-burning  and  rapid-spreading  fires. 

Fire  Season  Severity 

How  the  average  number  and  size  of  fires  vary  with  the  fire 
danger  rating  has  been  determined  for  northern  California.—^   By 
combining  these  relationships  a  "potential"  for  burned  area  can  be 
f^omputed  for  any  level  of  fire  danger.   If  this  potential  is  com- 
puted for  each  day's  level  of  fire  danger  in  a  locality,  the  sura  of 
these  daily  potentials  provides  a  good  measure  of  the  burning  con- 
ditions that  have  existed  over  the  fire  season,  and  relative  severity 
of  fire  seasons  can  be  determined  by  comparing  seasonal  totals. 


2/  Countryman,  CM.,  and  Intorf,  P.H.  A  Fire  Season  Severity 
Index  for  California.   California  Forest  and  Range  Expt.  Sta.  Misc. 
Paper  I4.   7  pp.   1953- 
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Figure  1. --Precipitation  and  drying  index  for  fire  danger 
rating  Area  1  (Yreka) ,  Klamath  National  Forest,  1945-1955. 


3/ 
Fire  season   potentials  were  computed  for  one  fireweather 

station  in  each  of  the  fire-danger  rating  areas  on  the  Klamath 

Forest  for  the  years  1945  to  1955.  To  give  a  uniform  base  for 

comparison,  an  average  seasonal  potential  was  computed  for  each 

area  by  assuming  that  the  mean  fire  danger  occurred  every  day. 

The  ratio  of  the  total  for  each  season  to  this  average  seasonal 

total  was  used  as  a  "fire  season  severity  index". 


3/  July,  August,  and  September  only, 
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In  all  of  the  timbered  areas,  the  severity  indexes  showed  the 
1955  season  to  "be  the  worst  of  the  11-year  period  (table  2).  For 
example,  the  1955  season  at  Yreka  with  an  index  of  2.95  was  more 
than  1.7  times  as  severe  as  the  previous  high  year  of  19^9  and  nearly 
4.5  times  as  severe  as  the  easy  year  of  1948. 

Table  2. --Fire  season  severity  indices  for  fire  danger  rating 
areas  on  the  Klamath  National  Forest,  194^-1955 


Fire 

-danger 

rating  area  and  station 

Year  - 

Area  1  : 

Yrelca  <.  •: 

Area  2  : 
Fort   : 
Jones   : 

1,95 

Area  3 

Happy 

Camp 

0,94 

:  Area  4  : 
:  Sawyers: 
:  Bar    : 

1.15 

Area  5   : 

Callahan: 
1  =  32 

Area  6 

Happy 

Camp 

0.79 

:  Area  7 
:  Mt. 
:  Hebron 

1945 

-- 

1.47 

1946 

0.70 

1.43 

0 .  7^ 

1.13 

1.00 

0.58 

1.76 

1947 

1.35 

1.32 

0.49 

0.97 

0.58 

0.45 

1.32 

1948 

0.67 

0.84 

0.78 

0.57 

0.81 

0.41 

1.16 

1949 

1.72 

1.51 

1.91 

1.49 

1.07 

1.44 

1.63 

1950 

1.32 

1.40 

1.21 

1.13 

1.34 

1.00 

1.13 

1951 

1.30 

1.33 

1.88 

1.86 

2.05 

1.54 

1.46 

1952 

0.76 

0.97 

1.09 

0.87 

1.29 

0.96 

1.15 

1953 

0.65 

0.86 

0.68 

0.78 

1.01 

0.59 

1.01 

1954 

1.10 

1.11 

0.73 

0.79 

1.24 

0.71 

1.64 

1955 

2.95 

3.31 

2.24 

3.10 

2.08 

1.83 

1.53 

Note:  Areas  1  to  6  are  classified  as  timber  fuel  tjrpes. 
Area  7  is  a  grass  fuel  type. 


Most  of  the  area  burned  on  the  Klamath  National  Forest  in 
1955  resulted  from  fires  during  the  unusually  severe  fire  weather 
in  late  August  and  early  September.  However,  this  extreme  period 
was  only  partly  responsible  for  the  year's  high  severity  index. 
Cumulative  severity  indices  computed  by  5-day  periods  for  the  Yreka 
area  (fig.  2)  show  that  by  August  25  the  severity  index  already 
exceeded  that  for  the  entire  season  of  1949,  the  worst  previous  year, 
As  early  as  July  27,  1955,  the  cumulative  index  had  equaled  that  for 
the  entire  1948  season.  Even  then,  the  extreme  fire  weather  in  late 
August  and  early  September  increased  the  severity  index  materially, 
as  is  shown  in  figure  2  by  the  sharp  increase  in  slope  of  the  1955 
curve  during  this  period. 


Figure  2. --Cumulative  severity  index  by  5-day 
periods  for  Area  1  of  the  Klamath  National 
Forest . 
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The  severity  of  the  1955  fire  season  appears  to  be  the 
result  of  abnormally  low  winter  and  spring  precipitation,  a  favor- 
able season  for  drying  of  large  fuels,  and  severe  fire  weather--all 
occurring  in  the  same  year.  Yet,  a  more  severe  season  is  possible. 
The  precipitation  index  in  the  Yreka  area  for  example,  was  3-4  in 
1955.   Lower  indexes  occurred  in  1924  (l.?)  and  in  1926  (3.0).  A 
precipitation  index  of  I.7  in  1955  with  all  other  conditions  being 
the  same  would  have  resulted  in  a  severity  index  of  4 '46  instead 
of  2.95.   Lower  drying  indices  than  that  for  1955  are  possible,  and 
daily  fire  weather  has  been  more  severe  in  some  fire  danger  rating 
areas.   New  extremes  of  these  factors  occurring  simultaneously 
would  result  in  an  even  greater  potential  for  a  disastrous  fire  year, 
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PLANTING  PONDEROSA  PINE  IS  A  GOOD  INVESTMENT 

William  E.  Hallin,  Forester, 
Division  of  Forest  Management  Research 


Is  planting  forest  trees  a  good  investment?  This  is  a  pertinent  ques- 
tion in  California  because  of  the  need  for  well  stocked  forest  lands  to 
maintain  forest  industry  and  the  lack  of  natural  regeneration  on  large 
acreages  of  land  best  suited  to  timber  production.  To  help  answer  the 
question  for  operating  forest  properties,  we  have  determined  what  the 
present  worth  of  future  timber  harvests  would  be  at  the  time  ponderosa 
pine  plantations  were  established.  The  analysis  was  based  on  the 
following  five  assumptions : 

1,  The  ponderosa  pine  yield  tables—  give  reasonable  estimates  of  the 
expected  volumes  per  acre  for  fully  stocked  managed  stands  even 
though  the  size  and  number  of  trees  will  differ  from  the  yield 
table  data. 

2,  The  utilization  standards  specified  in  the  yield  table  for  the 
stand  6.6  inches  in  diameter  and  larger  (International  l/8-inch 
rule)  will  be  realized. 

3,  The  diameters  attained  in  managed  stands  will  be  greater  than  in 
wild  stands  owing  to  more  rapid  growth  after  intermediate  harvest 
cuts. 

U.  Stumpage  prices  will  at  least  equal  those  shown  in  table  1. 

5.  A  reduction  of  25  percent  in  jrlelds  or  receipts  will  provide  an 
adequate  allowance  for  adverse  factors  such  as  incomplete  stocking 
and  unsalvageable  mortality. 


1/  Meyer,  Walter  H.  1938,  Yield  of  even  aged  stands  of 
ponderosa  pine,  U,  S.  Dept.  Agr.  Tech,  Bui.  630,  59  pp.,  illus. 


The  California  Forest  and    Range   Experiment  Station  is   maintained  at   Berkeley  in  cooperation  witti  the  University  of  Colifornia 
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To  determine  yield  from  the  plantation,  the  average  diameter  in  the 
stand  was  estimated  for  selected  site  indexes  and  age  classes  (table  1), 
Diameter  estimates  were  based  on  data  from  wild  stands, £/  thinning 
studies,  and  other  growth  studies.  For  the  youngest  age  on  each  site, 
the  diameter  is  the  expected  average  diameter  of  the  leave  trees;  for 
all  other  ages  it  is  the  expected  average  diameter  of  both  cut  and 
leave  trees.  The  expected  number  of  trees  per  acre  for  all  ages 
except  the  youngest  on  each  site  was  computed  by  dividing  the  jrield 
table  volume  per  acre  by  the  volume  of  a  tree  of  the  estimated 
diameter. 

In  estimating  the  volume  of  the  intermediate  harvests  it  was  reasoned 
that  all  but  the  computed  number  of  trees  for  the  next  age  would  be 
cut.   Intermediate  harvests  are  a  significant  part  of  the  assumed 
method  of  management.  They  reduce  the  investment,  increase  total 
yield  by  salvaging  many  trees  that  would  die  before  the  final  harvest, 
and  encourage  faster  growth  on  the  remaining  trees. 

The  present  worth  of  the  intermediate  and  final  yields  (table  2)  was 
computed  by  use  of  appropriate  compound  interest  tables.  Besides  the 
25  percent  allowance  for  adverse  factors,  the  cost  of  pruning  selected 
crop  trees,  discounted  to  the  time  of  planting,  also  was  subtracted 
from  the  total  value.  On  managed  forest  properties  most  fixed  and 
current  operating  costs,  for  example,  for  roads  and  fire  protection, 
are  not  increased  as  a  result  of  improving  the  stocking  by  planting. 
Consequently  the  direct  outlays  for  planting  and  pruning,  and  the 
interest  charges  against  them,  are  the  only  charges  that  need  to  be 
assessed  against  the  plantation  yields.  Therefore  the  data  in  table  2 
show  the  maximum  amounts  that  can  be  spent  for  planting  and  site  prep- 
aration and  still  earn  the  indicated  interest  rates. 

As  an  example,  planting  cost  can  be  taken  as  %fJQ)   per  acre.  This  is 
about  the  average  for  planting  stock,  site  preparation,  and  setting 
out  the  trees  in  the  pilot-plant  operation  at  Blacks  Mountain  Experi- 
mental Forest.  At  $70  per  acre,  planting  ponderosa  pine  would  3n.eld 
an  interest  rate  of  6  percent  for  site  A-200,  5  percent  for  site  1-175, 
U  percent  for  site  II-l50,  3  percent  for  site  III-125,  and  less  than 
2  percent  for  site  IV- 100.  The  breaking  point  for  2  percent  is  between 
sites  III-125  and  IV- 100. 


2/  List  of  material.   Forest  Management  Field  Course. 
Unpublished  report  by  Duncan  Dunning,  California  Forest  and  Range 
Experiment  Station,  July  1,  1951. 
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1/  ?/ 
Table  2. --Present  valuei'  -'  per  acre  of  intermediate  and 


final 

harvests 

of  p 

onderosa 

pj.ne  plantations 

3/ 
Site  index— 

:  Pre£ 

sent  value  at 

indicated 

interest 

rate  : 

:  2% 

:  2i%   : 

3^0 

:  \xi 

:  S%      : 

&fo      : 

Rotation 

•    • 

65 

•   •   •   • 

35 

.  .  E 

ollars  . 

Years 

60  (IV- 100) 

— 

— 

lllO 

70 

111 

67 

ii6 

19 

— 

— 

120 

80  (III-125) 

177 

113 

73 

31 

— 

— 

100 

100  (II-150) 

323 

225 

158 

78 

Uo 

— 

80 

120  (1-175) 

— 

39ii 

279 

1U3 

75 

Uo 

80 

lliO  (A-200) 

— 

— 

a68 

257 

l[i6 

86 

80 

1/  Reduced  by  charges  for  pruning  selected  crop  trees  at  the  rate  of 
50  cents  per  tree,  discounted  to  the  present. 

Site  index  60:   I4O  trees  at  50  years  =  $20  per  acre; 

70  and  8O:  UO  trees  at  liO  years  =  $)20  per  acre; 
100  and  120:  50  trees  at  30  years  =  $25  per  acre; 
lUO:   50  trees  at  20  years  =  |25  per  acre. 

2/  Full  earnings  reduced  25  percent  to  take  care  of  incomplete  stocking 
and  unsalvageable  mortality. 

3/  Site  index  at  100  years  --  ponderosa  pine  yield  table.  Symbols 
in  parenthesis  indicate  site  quality  according  to  Dunning, 
"A  site  classification  for  the  mixed- conifer  selection  forests 
of  the  Sierra  Nevada,"  California  Forest  and  Range  Experiment 
Station  Research  Note  No,  28,  21  pp.  (Processed).  Dec.  1,  I9U2. 
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The  interest  rate  used  is  perhaps  the  most  important  factor  in  deter- 
mining present  worth  of  plantation  yields.   Decreasing  the  interest 
rate  by  1  percent  approximately  doubles  the  present  worth  at  the  time 
of  planting.  The  stumpage  price  would  have  to  be  about  doubled  in 
order  to  make  the  same  change  in  the  present  worth.   Consequently, 
selection  of  an  acceptable  minimum  interest  rate  is  highly  important 
in  deciding  whether  or  not  to  invest  money  in  planting.  The  probable 
earnings  on  alternate  long-term  investments  available  to  the  land 
owner  are  the  best  guide.  High  earnings  on  stocks  not  available  for 
purchase  or  subject  to  wide  fluctuation  obviously  are  not  good  guides 
for  determining  acceptable  long-term  interest  rates.  For  example,  the 
Federal  government  frequently  borrows  money  at  2  percent .  Therefore 
selection  of  a  2  percent  rate  for  planting  on  national-forest  land  is 
appropriate.  An  important  point  to  keep  in  mind  is  that  young  trees 
continue  to  grow  regardless  of  economic  ups  and  downs.   Possible 
indirect  values--such  as  in  public  relations,  extension  of  employment 
for  seasonal  workers,  and  the  assurance  of  future  sources  of  raw 
material  for  large  plants--may  also  influence  the  decision  regarding 
the  acceptable  interest  rate. 

Then  what  is  the  answer  to  the  question,  "Is  planting  a  good  invest- 
ment?"  On  the  basis  of  this  analysis,  planting  the  better  quality 
sites  appears  to  be  a  good  investment  for  almost  any  forest  owner  in 
California.   On  the  lower  sites  planting  is  a  good  investment  only  for 
those  who  can  and  are  willing  to  accept  low  rates  of  earnings. 

No  matter  what  interest  rate  is  chosen,  however,  the  planting  and  site 
preparation  must  be  well  done.   Saving  money  in  these  jobs  is  pointless 
if  too  few  trees  are  established  to  return  the  expected  yields. 
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KILLING  TANOAK  IN  NORTHWESTERN  CALIFORNIA 

D.  F.  Roy>  Forester, 
Division  of  Forest  Management  Research 


Introduction 

Residual  tanoak  (Lithocarpus  densiflorus  (Hook.  &  Arn. )  Rehd. )  trees 
and  tanoak  sprouts  often  are  an  important  component  of  the  vegetation 
which  competes  with  conifer  reproduction  in  northwestern  California. 
Sometimes  enough  tanoak  is  present  in  Douglas -fir  (Pseudotsuga 
menziesii  (Mirb.)  Franco)  stands  to  dominate  the  ground  completely- 
after  logging.  And  tanoak  sprouts  develop  vigorously  after  parent 
trees  are  destroyed  by  fire  or  logging  (fig.  l)>  thereby  providing 
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severe  competition  to  conifer  reproduction,  i/   Although  tanoaks 
generally  are  considered  undesirable  at  present,  someday  they  may 
contribute  substantially  to  forest  products.   Large  tanoaks  with  good 
form  and  limb-free  boles  are  common  on  better  sites.  The  wood  has 
good  properties,  a  pleasing  appearance  and,  although  considerable 
care  is  required  in  seasoning,  additional  experiments  should  develop 
practicable  drying  schedules.   Tanoak  has  produced  veneer  and  pulp 
of  good  quality  and  yield.  The  bark  contains  tannin  which  is  par- 
ticularly desirable  for  tanning  sole  and  saddle  leather.  For  these 
reasons  tanoak  should  not  be  killed  promiscuously  but  only  when  it 
interferes  with  the  objectives  of  management. 

Preliminary  experiments  in  1952  and  1953  tested  the  feasibility  of 
eliminating  tanoak  with  herbicides.   Larger  trees  were  treated  in 
one  trial  and  young  sprouts  were  sprayed  in  the  other. 


1/  Roy,  D.  F.   Hardwood  sprout  measurements  in  northwestern 
California.   Calif.  Forest  and  Range  Expt.  Sta.  Res.  Note  95.   6  pp., 
illus.   1955. 


The   California  Forest  and    Range   Experiment  Station  is   mointained  at   Berkeley  in  cooperotion  with  the  University  of  California 


Figure  l.--Taxioak  sprouts  and  residual  tanoaik  trees  k   yeaxs  after 
logging  a  thinly  stocked  stand  of  Douglas-fir  (2,2i^-5  board- 
feet  per  acre).   Swanson  Unit,  Lower  Trinity  Ranger  District, 
Six  Rivers  National  Forest. 


Poisoning  Tanoak  Trees 

The  first  trial  attempted  to  kill  l60  vigorous  tanoak  trees.  Each 
tree  was  treated  in  one  of  four  ways: 

1.  Sprayed  basally  with  a  1  percent  solution  by  weight  of  a  high 
volatile  ester  of  2,^-D  (2-^-dichlorophenoxyacetic  acid)  in 
diesel  oil. 

2.  Frilled  and  then  soaked  with  a  1  percent  solution  of  2,i|-D  in 
water. 

3.  Basal  spray  with  a  low  volatile  ester  of  2,^,5-T  (2-4-5- 
trichlorophenoxyacetic  acid)  in  diesel  oil. 

h.      One  percent  2,4,5-T  water  solution  applied  after  frilling. 
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Treatments  were  assigned  at  random  after  grouping  trees  of  similar 
diameter,  dominance,  and  vigor  into  blocks  of  four  trees — one  tree 
for  each  treatment.  Forty  trees  were  treated  on  each  of  the  fol- 
lowing dates:   May  23,  July  28,  October  2,  and  November  6,  1952. 
Diameter  at  breast  height  ranged  from  3  to  36  inches,  averaging 
12  inches,  and  trees  were  distributed  in  crown  classes  as  follows: 
Dominant--33  percent;  codominant--l8  percent;  intermediate — 28 
percent;  and  suppressed — 21  percent.   All  trees  had  vigorous  crowns 
with  full,  healthy  foliage. 

Results 

Effects  were  slight  at  first.   At  the  end  of  the  first  growing 
season  after  treatment,  a  3-inch  tree  treated  with  the  2,^4-0  basal 
spray  died,  and  85  percent  of  the  trees  treated  May  23  and  July  28 
with  2,4,5-T  in  diesel  oil  appeared  to  be  dying.   Some  of  the  latter 
partially  recovered  the  next  spring. 

A  more  general  reduction  in  vigor  became  evident  by  the  end  of  the 
second  growing  season  after  treatment  and  has  continued  through  the 
fourth  year  (table  1,  fig.  2).   The  diesel  oil  solution  2,^,5-T  was 
the  most  effective  killer  (30  percent  kill  at  the  end  of  the  fourth 
growing  season)  and  also  reduced  tree  vigor  more  than  other  treat- 
ments through  the  third  growing  season.   Some  of  the  trees  receiv- 
ing this  treatment,  however,  began  to  recover  during  the  fourth 
season.   For  the  frilled  trees  there  was  a  large  drop  in  vigor  be- 
tween the  third-  and  fourth-year  examinations.   The  mechanical  injury 
to  the  phloem  by  frilling  probably  had  substantially  more  effect  than 
the  two  different  herbicides  in  water,  although  the  herbicides  have 
prevented  sprouting.  The  2,4-D  in  diesel  oil  was  much  less  effective 
than  the  other  treatments.   The  experiment  will  be  maintained  to  de- 
termine the  fate  of  the  trees  which  are  still  living. 

The  test  of  time  of  treatment  did  not  produce  statistically  signif- 
icant differences.   Results  do  show  that  tanoaks  with  smaller  diam- 
eters were  killed  more  easily  by  poisoning  regardless  of  treatment 
or  crown  class  (table  2). 

Stronger  concentrations  (i+  or  5  percent  solutions  by  weight)  of 
herbicides  should  be  used  in  future  attempts  to  kill  tanoak  trees 
quickly.   A  basal  spray  of  2,i|,5-T  in  diesel  oil  appears  most  likely 
to  succeed.   Girdling  alone,  however,  may  also  be  useful  for  treat- 
ing trees  on  areas  where  nurse  trees  are  desired  to  ameliorate  the 
site  until  conifer  reproduction  becomes  established.   The  tanoaks 
would  provide  shade  to  young  conifers  in  decreasing  amounts  as  tree 
vigor  and  crown  density  decrease  each  year  after  girdling  until  the 
tanoaks  die. 
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Figure  2. — Crowns  of  poisoned  tanoak  trees  h   years  after 
treatment.   The  thickly  leafed  crowns  of  the  origin- 
ally vigorous  trees  have  been  drastically  thinned. 
However,  a  few  of  the  basally  sprayed  trees,  such  as 
the  one  in  the  right  foreground,  seem  to  he  recovering, 
Swanson  Unit,  Lower  Trinity  Ranger  Station,  Six  Rivers 
National  Forest. 
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Table  1. --Vigor  of  tanoaks  2,  3,  and  h   years 

after  poisoning  by  k   different  methods 
(six  Rivers  National  Forest^  test  of  1952) 


Vigor  class 

:         2,i+-D 
:  (high  volatile  ester) 
:   Diesel  :  Water  and 
:   oil    :  frilling  : 

2,i+,5-T 
(low  volatile  ester) 
Diesel  :  Water  and 
oil    :  frilling 

:   All 

"  -  -  - 

-  -  -  - 

Percent  -  -  - 

------ 

-  -  -  - 

After  2  years: 

Vigorous 

65.0 

57.5 

22.5 

62,5 

51.9 

Medium 

20,0 

32.5 

12.5 

22,5 

21,9 

Poor 

7.5 

5oO 

^7.5 

10.0 

17.5 

Dead 

7.5 

5.0 

17.5 

5.0 

8,7 

Total 

100.0 

100.0 

100.0 

100.0 

100,0 

After  3  years : 

Vigorous 

42o5 

5.0 

15.0 

10,0 

18,1 

Medium 

30,0 

57.5 

17.5 

55.0 

ilO.O 

'             Poor 

12.5 

27.5 

4o.o 

27.5 

26,9 

Dead 

Total 

15.0 

10.0 

27.5 

7.5 

15.0 

100,0 

100.0 

100.0 

100,0 

100,0 

After  k   years : 

Vigorous 

30,0 

0.0 

10,0 

0.0 

10.0 

Medium 

32.5 

7.5 

30,0 

25.0 

23.8 

Poor 

22,5 

82.5 

30.0 

67.5 

50.6 

Dead 

Total 

J     — 

15.0 

10,0 

30.0 

7.5 

15.6 

100,0 

100.0 

100.0 

100,0 

100.0 

Table  2. --Average  diameters  of  tanoaks  by  vigor  and 

poisoning  treatments,  and  by  vigor  and  crown 
classes,  four  growing  seasons  after  treatment 
(Six  Rivers  National  Forest,  test  of  1952) 


Vigor  class 


Item 


Vigorous    : 

Mediiim   : 

Poor      : 

Dead 

^           ^           es           ca           as 

-   Inches 

"""" 

"" 

15.^ 

12. U 

9.3 

^.9 

=._ 

8.5 

12.6 

7.8 

11.1 

17.2 

11.8 

6.6 

„_ 

14.2 

13.2 

h.9 

Treatment 

2,h-D   in  diesel  oil 
Frilled  &  2,U-D  in  water 
2,4,5-T  in  diesel  oil 
Frilled  &  2,4,5-T  in  water 

Crown  class: 
Dominant 
Codominant 
Intermediate 
Suppressed 

All 


22.4 

19.5 

17.3 

6.9 

15.5 

li^.U 

13.6 

10.3 

10.1 

8.3 

8.7 

7.5 

6.7 

5.7 

5.9 

U.6 

lk,k 

14.0 

12.3 

6.2 

Poisoning  Tanoak  Sprouts 

In  the  second  trial  120  tanoak  sprout  clumps  were  sprayed  with 
herbicides  from  a  back-pack  pump.   Three  different  formulations 
were  used: 

1.  High  volatile  ester  of  2,4-D  (isopropyl  ester)  in  a  1.2  percent 
solution. 

2.  Low  volatile  esters  of  2,4-D  (propylene  glycol  butyl  ether 
esters)  in  a  1.4  percent  solution. 

3.  Low  volatile  esters  of  2,4,5-T  (2,4,5-trichlorophenoxyacetic 
acid,  propylene  glycol  (CtH^O  to  CgHnoO^)  butyl  ether  esters) 
in  a  1.4  percent  solution. 
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Diesel  oil  was  the  carrier  for  all  three  herbicides .   Solutions 
were  sprayed  to  run-off  on  both  leaves  and  basal  parts  of  the 
sprouts. 

Thirty  sprout  clumpS"-10  for  each  chemical--were  sprayed  on  each 
of  the  following  dates:   July  1_,  August  25^  October  ik^    and 
November  ko      These  clumps  ranged  in  height  from  0.7  to  5.6  feet^ 
in  diameter  from  0.6  to  Tok   feet^  and  in  number  of  sprouts  from 
1  to  162.   The  average  clump  was  2.k   feet  high^  2.6  feet  in  diam- 
eter^ and  had  I6  sprouts. 

Results 

Almost  all  original  sprouts  were  killed.   The  only  exceptions  were 
k   clumps  sprayed  July  1^  where  17  percent^  7  percent^,  6  percent, 
and  5  percent  of  the  sprouts  survived.   The  incomplete  kill  in 
these  few  cases  probably  was  caused  by  failure  to  apply  the  sprays 
thoroughly. 

Resprouting  varied  with  the  dates  of  application  (table  3)»   Only 
one  of  the  60  clumps  treated  on  or  after  October  lU  resprouted. 
A  few  clumps  sprayed  on  August  25  and  several  treated  on  July  1 
sprouted  again,  but  compared  to  the  original  clumps  new  sprout 
development  was  feeble-°both  in  size  of  individual  shoots  and  in 
numbers  (table  k)„      The  position  of  new  sprouts  in  relation  to 
those  killed  by  spraying  indicated  that  the  later  application  of 
herbicides  resulted  in  the  more  thorough  destruction  of  root  collars. 
To  illustrate,  sprouts  which  grew  from  parent  cliiirips  sprayed  on 
July  1  emerged  from  among  the  dead  sprouts,  but  new  shoots  developed 
after  the  treatment  of  August  25  grew  only  from  the  perimeter  of  the 
original  clumps.   And  in  the  single  instance  where  a  sprout  clump 
treated  on  October  ik   produced  additional  sprouts,  the  shoots  emerged 
from  the  soil  at  least  5  inches  away  from  the  nearest  initial  sprout. 

Of  the  three  chemicals  tested  2,4,5-T  seemed  most  effective  in  kill- 
ing tanoak  sprouts,  followed  closely  by  the  high  volatile  ester  of 
2,1+-D.   The  test  indicated  that  low  volatile  esters  of  2,4-D  are 
slightly  less  potent  for  killing  tanoak,  although  for  other  plants 
the  low  volatile  esters  generally  have  been  more  effective,  £/ 

Conclusions 

Tanoak  trees : 

1,   The  low  volatile  ester  of  2,U,5-T  was  more  effective  than  the 
high  volatile  ester  of  2,i+-D  in  killing  tanoak  trees. 


2/  Ltr.  of  Dec.  17,  1953  from  Dr.  R.  N.  Raynor,  Agricultural 
Chemical  Development,  The  Dow  Chemical  Company. 
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Table  S'-'Psrcentage  of  tanoak  sprout  clumps 

producing  new  sprouts  after  spraying 

(Six  Rivers  National  Forest ^  test  of  1953) 


Herbicide  and  date 
of  examination 


Date  of  application 

July  1  ;  Aug.  25  :  Oct.  Ik      :     Nov.  k 


Percent 


2,i+-D 


(high  volatil 

e  ester) 

Aug.  25 

1953 

20 

— 

~ 

Oct.  Ik 

1953 

20 

0 

— 

Nov.  k 

1953 

20 

0 

0 

June  9 

195^ 

20 

0 

0 

Sept.  3 

195^+ 

20 

50 

0 

2,k-D 

\lo\r   volatile 

ester) 

Aug.  25 

1953 

50 

— 

— 

Oct.  Ik 

1953 

50 

0 

~ 

Nov.  k 

1953 

50 

0 

0 

June  9 

195^ 

60 

0 

0 

Sept.  3 

195^^ 

70 

30 

io 

2,^,5-T 

(low  volatile 

ester) 

Aug.  25 

1953 

20 

— 

~ 

Oct.  li+ 

1953 

40 

0 

— 

Nov.  k 

1953 

ko 

10 

0 

June  9 

195^ 

ko 

10 

0 

Sept.  3 

195^+ 

50 

20 

0 

0 
0 
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2,  One  percent  solutions  of  2^4-D  or  2,k,^'T   in  diesel  oil  applied 
as  basal  sprays  were  not  strong  enough  to  kill  tanoak  trees 
effectively. 

3.  Effects  of  frilling  tanoak  trees  were  delayed^  but  vigor  has 
decreased  slowly  and  trees  will  eventually  die.  Application 
of  weak  (l  percent)  solutions  of  2,k''D  and  2^U^5-T  on  frills 
prevented  sprouting. 

h.      Small  tanoaks  were  killed  with  herbicides  easier  than  large 
trees. 

5.  Some  tanoaks  reduced  to  poor  vigor  with  basal  sprays  of  2jU-D 
and  2^U,5-T  began  to  recover  during  the  fourth  growing  season 
after  treatment. 

Sprouts : 

1.  Tanoak  sprouts  were  eliminated  by  low  concentrations  of  either 
low  or  high  volatile  esters  of  2,^-D  and  low  volatile  esters  of 
2A,5-T. 

2.  Tanoak  sprout  clumps  were  killed  more  certainly  in  late  fall 
than  in  July  and  August.   Sprout  clumps  sprayed  after  mid- 
October  did  not  resprout. 

3.  Of  the  three  chemicals  tested  2^^,5-T  seemed  most  effective  in 
killing  tanoak  sprouts. 


Table  U. --Average  number  of  new  sprouts  per  clump  for 

those  clumps  producing  sprouts  after  spraying 
(Six  Rivers  National  Forest ^  test  of  1953) 


Date  of  application 


Herbicide ;  July  1  ;  Aug.  25  ;  Oct.  1^  :  Nov.  k 

2,i+-D  (high  volatile  ester)    5«0  2.6 

2,i+-D  (low  volatile  ester)  12,3  -'  5.0      9.O 

2,1+,5-T  (low  volatile  ester)   2.6  2.5 


1/  Seven  out  of  ten  sprout  clumps  lesprouted  after  spraying.   The 
average  number  of  new  sprouts  per  clump  is  high  because  three  of 
the  clumps  produced  kO,    13,  and  12  new  sprouts,  respectively. 
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SALVAGE  LOGGING  MAY  DESTROY  DOUGLAS-FIR  REPRODUCTION 

D,  F,  Roy,  Forester, 
Division  of  Forest  Management  Research 


In  the  future  the  United  States  will  need  all  the  softwoods 
our  forest  lands  can  grow.  V  Yet  thousands  of  acres  in  north- 
X'jestern  California  are  idle  because  they  have  not  been  restocked 
with  adequate  conifer  reproduction  after  logging  or  burning.  Scanty 
seedlings  are  not  necessarilj'-  the  result  of  negligence.  Forest 
managers  realize  that  reproduction  often  is  hard  to  establish. 
Obviously,  if  advance  reproduction  is  already  established  before 
cutting,  every  possible  precaution  to  preserve  the  young  trees 
should  accompany  the  logging  operation. 

Logging  damage  to  reproduction  can  be  reduced  by  careful 
preparation  of  a  logging  plan  and  adherence  to  that  plan,  2/  But 
how  extensively  is  Douglas- fir  reproduction  destroyed  by  conven- 
tional salvage  logging  methods  on  ground  typical  of  northwestern 
California?  To  answer  this  question  observations  were  recorded  on 
a  small  part  of  the  Three  Creeks  Burn,  Humboldt  County, 

The  fire  killed  almost  all  the  standing  timber  on  the  study 
area  in  August  19^1.  Later  that  year  heavy  seedfall  occurred  from 
undamaged  timber  nearby.  An  excellent  stocking  of  Douglas- fir 
seedlings  resulted. 


1/  Crafts,  Edward  C.  Timber  Resource  Review,  Chapter  I, 
Timber  resources  for  America's  future.  A  summary  of  the  timber 
resource  review.  U.  S,  Forest  Service.  129  pp.?  illus. 
September  1955. 

2/  Cosens,  Richard  D,  Reducing  logging  damage.  Calif, 
Forest  and  Range  Expt.  Sta,  Res,  Note  82,  10  pp.,  illus.  19^2. 


The  California  Forest  and    Range  Experiment  Station  is  maintained  at  Berkeley  in  cooperation  with  the  University  of  Colifornio. 


Conditions  Before  Logging 

In  19 5U,  before  salvage  logging,  2  line  transects  were  sur- 
veyed and  103  milacre  quadrats  were  examined.  Douglas-fir  seedlings 
were  distributed  on  the  area  at  the  rate  of  1,981  per  acre,  and  71 
percent  of  the  milacres  were  stocked  Xirith  at  least  one  seedling — 
enough  seedlings  and  good  enough  distribution  to  create  a  satis- 
factory forest.  The  ground,  a  UO-percent,  east-facing  slope,  was 
95  percent  covered  with  vegetation  (fig.  1).   Components  of  the 
ground  cover,  in  approximate  order  of  importance  based  upon  area 
occupied  were: 


Western  bracken 

Tanoak 

Modest  X\rhipplea 

Snowbrush  ceanothus 

Bushmans  burnweed 

Salal 

Pacific  madrone 

Torrey  peavine 

Cascades  mahonia 

Western  trumpet  honeysuckle 

California  rose 

Golden  chinkapin 

Grapeleaf  California 

dewberry 
Deerbrush  ceanothus 
Sedge 


(Pteridium  aquilinum  pubescens) 
(Lithocarpus  densif lorus ) 
(Whipplea  modesta) 
(Ceanothus  velutinus ) 
(Erechtites  arguta) 
(Gaultheria  shallon) 
(Arbutus  menaiesii) 
(Lathyrus  torreyi) 
(Mahonia  nervosa) 
(Lonicera  ciliosa) 
(Rosa  californica) 
(Castanopsis  chrysophylla) 

(Rubus  ursinus  vitif olius ) 
(Ceanothus  integerrimus ) 
(Carex) 


Although  the  ground  was  almost  completely  covered  Xirith  com- 
peting plants,  the  Touglas-fir  seedlings  were  growing  well.  Some 
seedlings  were  18  inches  tall  and  several  had  grown  more  than  11 
inches  in  1953.  Enough  seedlings  were  growing  sufficiently  fast 
to  dominate  the  area  eventually. 

Logging  removed  an  average  of  iiljSOO  board- feet  (net)  per 
acre.  The  operator,  who  used  tj'pical  tractor  logging  methods,  did 
not  know  that  the  transects  existed  and,  therefore,  was  not  influ- 
enced by  them. 


-  2  - 


Figure  1. — Fire-killed  timber  and  heavy  ground  cover  before  salvage 
logging.   Three  years  after  the  fire  sporophores  of  the  pouch 
fungus  (arrows)  are  numerous.   Buck  Butte  Sale,  Three  Creeks  Burn, 
Six  Rivers  National  Forest,  195^-. 
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Figure  2. — Ground  condition  in  1955  after  logging  fire-killed  timber 
on  the  area  shown  in  Figure  1.  A  large  part  of  the  ground  has 
been  disturbed  severely. 
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Conditions  After  Logging 

After  logging  only  2^  percent  of  the  milacre  ouadrats  re- 
mained stocked  with  Douglas-fir  seedlings.   The  number  of  seedlings 
xjas  reduced  to  Ul7  per  acre.  All  quadrats  had  been  disturbed  by 
logging  to  some  degree.  Two  percent  were  only  lightly  disturbed, 
but  3U  percent  were  moderately  disturbed  and  6k   percent  were  se- 
verely disturbed  (fig.  2).  Stocking  on  milacre  plots  was:  Lightly 
disturbed,  100  percent;  moderately  disturbed,  5l  percent;  severely 
disturbed,  9  percent.   Salvage  logging,  therefore,  destroyed  about 
80  percent  of  the  original  seedlings,  and  the  severity  of  seedling 
destruction  was  related  to  the  degree  of  logging  disturbance. 

Reducing  Damage  to  Reproduction 

Can  destruction  of  conifer  seedlings  be  reduced  under  con- 
ditions similar  to  those  found  on  the  Buck  Butte  Sale?  The  most 
obvious  measure  is  to  salvage  fire-killed  timber  immediately.  Two 
advantages  accrue.  First,  logging  is  completed  before  new  repro- 
duction is  established,  and  conifer  seedlings  which  stock  the  area 
soon  after  logging  will  have  the  best  chance  to  compete  xirith  other 
vegetation  which  is  also  just  beginning  to  regenerate.  Second, 
early  salvage  logging  prevents  growth  of  the  pouch  fungus  ( Poly- 
porous  volvatus  (Pk.),  which  destroys  the  sapwood  and  weakens 
trees,  causing  higher  losses  from  felling  breakage  and  rot. 

Another  way  to  protect  reproduction  is  by  careful  logging. 
This  demands  proper  training  and  supervision  of  logging  crews.  At 
first  thought  the  possibilities  for  modifying  logging  practices  to 
protect  small  seedlings  appear  unpromising,  but  attention  to  sever- 
al seemingly  minor  details  can  save  appreciable  reproduction.  Some 
of  these  details  are : 

1,  Felling  trees  in  proper  directions. 

2,  Clean  limbing  before  skidding. 

3,  Scouting  out  and  planning  each  turn  of  the  tractor, 

h.     Setting  chokers  xiiithout  rolling  logs  with  dozer 
blades  or  tractor  tracks. 

5.  Setting  chokers  to  roll  logs  away  from  reproduction, 

6.  Pulling  tractor  cables  from  the  drum  to  the  log  when 
warranted, 

7.  "Breaking- out"  logs  in  line  with  the  original  lay  of 
the  tree. 

When  you  find  good  reproduction,  protect  it.  Try  to  save 
the  high  costs  of  artificial  regeneration. 
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THE  EFFECTS  OF  PLMT  COMPETITION  UPON  THE    , 
GROWTH  AND  SUEVIVAL  OF  BITTERBRUSH  SEEDLINGS  i/ 

Richard  L.  Hubbard,  Range  Conservationist 
Division  of  Range  Research 


Many  vinter  deer  ranges  throughout  the  West  have  been  steadily 
deteriorating  as  a  result  of  overgrazing,  fire,  and  insect  depreda- 
tions.  Lack  of  winter  forage  has  caused  heavy  mortality  of  deer. 
The  problem  has  become  so  acute  that  some  of  the  western  states  have 
started  research  to  determine  what  can  be  done  to  rehabilitate  these 
ranges,  if  and  when  the  causes  of  deterioration  can  be  controlled. 

The  California  program  was  started  in  the  deer  winter  range 
area  east  of  the  Sierra  Nevada  mountains.   This  area  extends  from 
Oregon  to  the  Owens  Valley  in  Inyo  County.   Special  attention  has 
been  given  to  studies  of  bitterbrush  (Purshia  tridentata) ,  the  most 
important  winter  deer  browse  species  in  the  eastside  region. 

This  paper  reports  on  a  study  of  the  effects  of  competition 
on  bitterbrush  seedlings.   The  work  was  done  in  Modoc  County  on  the 
winter  range  of  the  California-Oregon  Interstate  deer  herd.   Here, 
the  predominant  vegetation  is  a  transition  type  between  ponderosa 
pine  and  the  sagebrush- juniper  complex.   Big  sagebrush  (Artemisia 
tridentata) ,  juniper  ( Juniperus  occidentalis) ,  rabbitbrush 
( Chrysothamnus  spp . ) ,  and  bitterbrush  make  up  the  bulk  of  the 


1/  Contribution  from  cooperative  investigation  between  the 
California  Forest  and  Range  Experiment  Station  and  the  California 
Department  of  Fish  and  Game.   Work  was  done  under  Federal  Aid  in 
Wildlife  Restoration  Act,  Pittman-Robertson  Research  Project  W51R, 
entitled  "Game  Range  Restoration." 

The  author  acknowledges  that  this  study  was  planned  and  designed 
by  A.  L.  Hormay,  Range  Conser-^ationist,  California  Forest  and  Range 
Experiment  Station. 


The   Cal.formo  Fores,  and    Range   Expenmen,  S.a.,on  ,s   mamtn.ned   a.   Berkeley  ,n  cooperation  w,th  .he  Un,vers,.y  of  CCforn.a 


brush  cover.  The  understory  is  composed  of  perennial  grasses  and 
annual  and  perennial  forbs.  A  few  scattered  ponderosa  pine  (Pinus 
ponderosa)  are  also  present.  The  annual  precipitation  averages 
"between  12  and  l4  inches,  much  of  it  falling  as  snow. 

Methods 

In  areas  of  relatively  low  precipitation,  such  as  Modoc  Coiinty 
study  area,  the  most  important  if  not  the  limiting  factor  in  seedling 
establishment  is  soil  moisture.   It  may  be  impractical  in  a  range 
seeding  program  to  improve  soil  moisture  conditions  by  irrigation, 
but  it  is  feasible  to  prepare  seedbeds  and  control  the  vegetation 
that  competes  with  seeded  species  for  available  soil  moisture. 

For  this  study  of  the  effects  of  competition,  three  areas  were 
selected  inside  a  deer-livestock  exclosure.   One  area  was  drilled 
with  bitterbrush  seed  without  soil  preparation  or  removal  of  the 
stand  of  native  plants.   The  other  two  were  plowed,  harrowed,  and 
dragged  with  a  rail.   One  of  these  was  drilled  with  bitterbrush  seed 
alone  and  the  other  with  a  mixture  of  bitterbrush  and  crested  wheat- 
grass  seed.   Plots  on  the  area  prepared  and  drilled  with  bitterbrush 
alone  were  segregated  for  three  different  treatments.  Some  were  kept 
weeded  during  three  growing  seasons,  others  were  weeded  only  during 
the  first  growing  season,  and  some  were  not  weeded  at  all.  The 
weeded  plots  represented  negligible  competition  and  those  weeded  only 
the  first  year  were  considered  to  represent  light  competition.  The 
native  and  crested  wheatgrass  areas  offered  heavy  competition.  The 
crested  wheatgrass  probably  did  not  use  as  much  soil  moisture  as  the 
established  native  vegetation  during  the  first  growing  season. 
During  the  second  and  third  season,  however,  the  crested  wheatgrass 
competed  at  least  as  heavily  as  native  plants  for  available  soil 
moisture. 

To  obtain  indices  of  stored  soil  moisture,  fiberglas  soil- 
moisture  units  (Colman,  19^7)='  were  installed  at  1-5^  21,  and  5^ 
inches  below  the  surface  in  both  the  plowed  and  weeded  and  the 
undisturbed  areas.  These  units  measure  soil  moisture  in  terms  of 
electrical  resistance.   It  is  possible  to  calibrate  the  resistance 
readings  with  actual  soil  moisture  percent.   However,  this  was  not 
done  in  this  study.   Instead,  indices  derived  directly  from  weekly 
resistance  readings  were  plotted  to  show  soil  moisture  depletion. 


2/  Colman,  E.  A.  I9U7  (Rev.  I95O) .   Manual  of  instructions 
for  use  of  fiberglas  soil-moisture  instrument.   Calif.  Forest  and 
Range  Expt.  Sta.  20  pp.  Illus .   (processed). 
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Resiilts 

During  the  first  growing  season,  soil  moisture  on  the  undis- 
turbed, native  area  was  depleted  rather  rapidly  (fig.  l) .  Moisture 
to  a  depth  of  1.5  inches  was  largely  used  during  June,  and  hy  late 
July  most  of  it  was  taken  to  a  soil  depth  of  21  inches.  Even  at  the 
5^- inch  depth  soil  moisture  was  heavily  drained  during  August  and 
September.   Where  plant  competition  was  negligible,  soil  moisture 
was  reasonably  stable  at  21  and  5^  inches  throughout  the  growing 
season.   Even  at  the  1.5  inch  depth,  soil  moisture  was  not  depleted 
until  mid- August,  a  full  month  later  than  on  the  undisturbed  area. 

The  earlier  and  more  complete  depletion  of  soil  moisture 
under  heavy  competition  was  reflected  in  bitterbrush  seedling 
mortality  and  growth.   Seedling  mortality  under  heavy  competition 
was  between  57  and  60  percent  during  three  growing  seasons  (table  l) . 
Under  light  competition,  mortality  was  only  21  percent.   Mortality 
under  negligible  competition  was  essentially  the  same  as  under  light 
competition;  apparently  the  invading  annual  weeds  used  relatively 
little  of  the  stored  soil  moisture. 

Table  1.- -Mortality  through  three  growing  seasons  of 

bitterbrush  seedlings  emerging  in  the  spring  of 
1953  under  different  levels  of  competition 


At  end 

At  end 

At  end 

Level  of 

'  July  13 

of  first 

of  second 

of  third 

competition 

1953 

growing 

growing 

growing 

season 

season 

season 

Negligible 


17.1 


-  -  Percent 
21.0 


22  A 


22.4 


Light : 

Weeded  during 

first  growing 

season 

No  weeding 

Heavy : 

Crested  wheat 
Native  vege- 
tation 


17.1 
17.1 


20.5 
17.8 


21.0 
20.5 

31.2 
45.0 


21.0 
20.8 

i.6.5 
55.0 


21.0 
20.8 


60.0 
56.6 
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From  the  time  of  bitterbrush  seedling  emergence  until 
July  13  of  the  first  growing  season  (table  l),  seedling  mortality- 
was  essentially  equal  at  all  competition  levels.   Soil  moisture 
below  1.5  inches  held  up  well  until  about  this  date  under  both 
clear-cultivated  and  undisturbed  conditions.   Mortality  before 
July  13  can  probably  be  attributed,  at  least  in  part,  to  cutworms 
and  other  insects.   After  that  date,  the  bulk  of  the  die-off  was 
probably  due  to  the  lack  of  soil  moisture.   It  was  during  the 
latter  period  that  the  big  differences  in  mortality  began  to  show 
up  between  the  plots  with  negligible  and  heavy  competition. 
Considerable  mortality  occurred  during  the  second  year  in  the 
undisturbed  and  crested  wheatgrass  areas,  and  the  third  year  in 
the  crested  wheatgrass  area.   Under  negligible  and  light 
competition  few  seedlings  died  in  the  second  year  and  none  in  the 
third. 

The  most  striking  contrast,  however,  was  in  the  size  of 
bitterbrush  seedlings  under  the  different  levels  of  competition 
(table  2,  fig.  2).   Bitterbrush  seedlings  under  heavy  competition 
grew  only  during  a  relatively  short  time  in  the  spring.   Those  on 
the  plowed  area  continued  to  grow  thi'oughout  the  summer.   After 
three  growing  seasons  seedling  heights  varied  from  k,^   inches  on 
the  undisturbed  native  area,  and  5«5  inches  on  the  crested  wheat- 
grass  area,  to  26  inches  on  the  plowed  and  weeded  plots. 

The  difference  in  the  vigor  of  the  plants  was  also 
reflected  in  development  of  their  root  systems.   Under  light 
and  negligible  competition  the  roots  penetrated  to  k2   inches 
during  the  first  growing  season  and  were  extensively  branched. 
Under  heavy  competition  they  penetrated  only  20  to  30  inches 
and  generally  were  unbranched,  thin  taproots  (fig.  3)« 
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Table  2, — Average  height  through  three  growing  seasons  of 
bitterbrush  seedlings  emerging  in  the  spring 
of  1953  under  different  levels  of  competition 


Level  of 
competition 


End  of  first 
growing  season 


End  of  second 
growing  season 


End  of  third 
growing  season 


Negligible 

6.0 

Light: 

Weeded  during 
first  growing 
season 

6.0 

No  weeding 

i^.7 

iieavy : 

Crested  wheat 

1.9 

Native  vegetation 

1.3 

Inches 


13.8 


12.8 
9.5 

2.8 
2.6 


26.0 


21. i+ 
18.0 

5.5 
h.'5 
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Figure  2. — Three-year-old  bitterbrush  seedlings  under  four 
levels  of  plant  competition  at  the  Flukey  Spring 
experimental  area.   A.   Negligible  competition.   B.   Light 
competition.   C.   Heavy  competition,  crested  wheatgrass. 
D.   Heavy  competition,  native  vegetation.   (Small  squares 
on  backboard  are  3  inches  across. ) 
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The  difference  in  the  vigor  of  t'he  plants  was  also  reflected 
in  development  of  their  root  systems.  Under  light  and  negligible 
competition  the  roots  penetrated  to  k2   inches  during  the  first 
growing  season  and  were  extensively  branched.   Under  heavy  competi- 
tion they  penetrated  only  20  to  30  inches  and  generally  were 
unb ranched,  thin  taproots  (fig.  3)« 
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Figure  3.— Hoot  development  of  3 
bitterbrush  seedlings  grown 
under  two  degrees  of  plant 
competition. 
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Conclusions  and  Summary 

Seedbed  preparation,  alone  and  with  subsequent  weeding, 
pennitted  greatly  increased  seedling  growth  of  bitterbrush  and 
reduced  seedling  mortality.  Even  though  some  of  the  seedlings 
growing  under  heavy  competition  from  native  plants  may  survive 
many  years,  there  is  little  chance  that  they  will  break  free  of 
the  competition  and  become  dominant  plants.   This  study  was  con- 
ducted under  favorable  site  and  precipitation  conditions.  Prelimi- 
nary results  from  another  study  indicate  that  complete  mortality  of 
emerged  bitterbrush  seedlings  may  occur  under  less  favorable  con- 
ditions on  native,  imtreated  areas. 

Weeding  after  seedbed  preparation  increased  the  growth  rate 
of  bitterbrush  seedlings  over  soil  preparation  without  follow-up 
weeding,  but  the  increase  was  not  enough  to  warrant  the  extra 
expense.   Weeding  could  not  be  justified  in  an  extensive  range 
seeding  program. 

Planted  crested  wheatgrass  provided  about  the  same  level  of 
competition  as  native  vegetation,  judging  from  growth  performance  of 
bitterbrush  seedlings .   It  may  sometimes  be  desirable  to  seed  both 
bitterbrush  and  crested  wheatgrass  to  provide  additional  forage, 
reduce  livestock  use  of  bitterbrush,  or  aid  fire  protection.  Seeding 
of  this  type  was  done  (U.  S.  Forest  Service,  1950)^  in  Oregon  with 
the  two  species  sown  in  alternate  drill  rows .  Seeding  alternating 
drill  widths  might  be  another  feasible  method.  Mixing  the  two 
species,  as  in  the  present  study,  seems  unlikely  to  give  satisfactory 
results. 

Many  areas  suitable  for  bitterbrush  reseeding  would  be  expen- 
sive to  cultivate;  some  would  be  impossible,  but  other  methods  of 
removing  competing  vegetation,  such  as  burning  and  chemical  spraying, 
can  sometimes  be  used.   It  would  be  advisable  to  study  other  sites 
and  other  levels  of  competition  to  determine  the  maximijm  level  of 
competition  by  sites  \inder  vhich  satisfactory  establishment  and 
growth  of  bitterbrush  seedlings  can  be  obtained.  Economical  methods 
of  reducing  existing  vegetation  must  then  be  developed. 


3/  U.  S.  Forest  Service.   1950.   Report  of  bitterbrush 
seeding  on  the  Paisley  Ranger  District,  Fremont  National  Forest 
2  pp.  (mlmeo. ) 
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CALIFORNIA  CONE  CROP— 1956 

Gilbert  H.  Schubert,  Forester, 
Division  of  Forest  Management  Research 


Prospects  are  favorable  for  a  good  cone  crop  of  most  commercial 
forest  trees  in  California  in  1956.   Generally  the  crop  was  at  least 
light.  Medium  crops  were  twice  as  frequent  as  light  or  heavy  ones.   Of 
the  major  species,  incense-cedar  was  the  only  one  which  was  reported  as 
having  no  cones  throughout  most  of  its  range. 

These  are  the  main  conclusions  from  a  study  of  cone-crop  reports 
sent  to  the  California  Forest  axid  Range  Experiment  Station  by  members  of 
the  California  Division  of  Forestry,  the  California  Region  of  the  U.  S. 
Forest  Service,  and  the  Southern  California  Edison  Compajiy. 

The  reports  were  generally  based  on  occular  estimates  in  which 
the  crop  was  rated  as  none,  very  light,  light,  mediiim,  or  heavy  accord- 
ing to  the  cone  crop  classification  used  in  Oregon  i/.   In  this  classi- 
fication the  cone  crop  ratings  are: 

1.  None --no  cones  on  any  trees  or  few  cones  on  occasional 
trees. 

2.  Very  light — few  cones  on  25  percent  of  the  trees,  or 
few  cones  on  25  percent  of  the  trees  and  many  cones 
on  occasional  trees. 

3.  Light — few  cones  on  75  percent  of  the  trees,  or  many 
cones  on  some  trees  and  few  cones  on  75  percent  of 
the  trees. 


k.     Medium — some  cones  on  all  trees,  or  many  cones  on 
less  than  75  percent  of  the  trees. 

5.   Heavy — many  cones  on  75  percent  of  the  trees  and  some 


cones  on  all  trees,  or  many  cones  on  all  trees. 


1/  Engstrom,  W.  H,   Oregon  cone  crop,  195^«   Oregon  State 
Board  of  Forestry.  Res.  Note  I6,  7  PP»>  195^« 


The   Colifornio  Forest  and    Range   Experiment  Stat. on  is   maintained   ot   Berkeley  in  cooperation  witti  ttie  University  of  California 


Although  these  ratings  are  subjective,  they  provide  valuable  infor- 
mation for  those  planning  to  collect  seed  this  fall. 

As  an  aid  to  seed  collectors,  the  crop  reports  have  been 
segregated  according  to  the  forest  tree  seed  collection  zones 
described  by  Fowells  £' .  This  grouping  (table  l),  showed  that 
the  most  promising  localities  for  collecting  seed  of  major  com- 
mercial conifers — those  with  medium  to  heavy  or  heavy  cone  crops — 
were  as  follows : 

Collection  Zone 

Douglas-fir X,  XI,  XII 

Red  fir     VI 

White  fir -  VI,  VII 

Jeffrey  pine IV,  VI,  X 

Ponderosa  pine  ------  IV,  X,  XI 

Sugar  pine II,  III,  IV,  VII,  XI 

A  map  of  the  collection  zones  is  appended  to  this  note,  but 
since  the  seed  crop  varies  widely  in  most  zones,  it  is  also 
advisable  to  consult  field  officers  of  the  California  Division 
of  Forestry  or  the  U,  S.  Forest  Service. 


2/  Fowells,  H.  A.  Forest  tree  seed  collection  zones  in 
California.   Calif.  Forest  and  Range  Expt.  Sta.  Res.  Note  51^ 
5  pp.,  illus.  1946. 
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Table  1, — Siommary  of  cone  crops  by  species  and  seed  zone, 

California,    19^6 


Species 


County  or  Seed 
Collection  Zone 


Cone  Crop  — ' 


CEDAR; 


Incense-cedar 

(Libocedrus  decurrens) 

DOUGLAS-FIR: 


I,  IV,  V,  IX,  X    None  to  light 

II,  III,  VII,  VIII  None 


Bigcone  Douglas-fir 

(Pseudotsuga  macrocarpa) 
Douglas-fir  (P.  menziesii) 


IX 

I 

II,  III 

IV,  V 

X,  XI,  XII 

XIII 


FIR; 


Lowland  white  fir  (Abies  grandis)  XI,  XII 

XIII 

Red  fir  (A.  magnifica)  I 

II 
III 
V 
VI 
VII 
VIII 
X 

I 

II 

III 

IV,  V 

VI 

VII 

VIII 

IX 

X 


White  fir  (A.  concolor) 


PINE: 


Bishop  pine  (Pinus  muricata) 


Coulter  pine  (P.  coulter! ) 


XII 

XIII 

Monterey 

IX 

Fresno  (Westside) 

San  Benito 


None  to  very  light 

Very  light  to  heavy 

Light  to  heavy 

Medium 

Medium  to  heavy 

Light  to  medium 


Light 

Medium 

Very  light  to  medium 

Light 

Light  to  medi\am 

Very  light  to  medium 

Heavy 

Very  light  to  heavy 

Very  light  to  medium 

Very  light 

Very  light  to  heavy 

None  to  heavy 

Light  to  heavy 

Very  light  to  heavy 

Heavy 

Medium  to  heavy 

Very  light  to  heavy 

Very  light  to  medium 

Light  to  heavy 


Light 

Medium 

Very  light 

Very  light  to  medium 

Very  light 

Very  light 
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Species 


County  or  Seed 
Collection  Zone 


Cone  Crop±' 


y 


PINE:  (continued) 

Jeffrey  pine  (P.  jef f reyi ) 


Lodgepole  pine  (P.  contorts) 

Monterey  pine  (P.  radiata) 
Ponderosa  pine  "("P»  ponderosa) 


Sugar  pine  (P.  lambertiana) 


Torrey  pine  (P.  torreyana) 


SEQUOIA: 


I 

None  to  heavy 

II 

Very  light  to  medium 

III 

Very  light  to  heavy 

IV 

Heavy 

V 

Very  light  to  heavy 

VI 

Heavy 

VII 

Very  light  to  light 

VIII 

None  to  medium 

IX 

Very  light  to  mediiom 

X 

Medium  to  heavy 

Kern 

(Tehachapi 

area) 

Light 

XII 

Light 

XIII 

Medium  to  heavy 

XIII 

Light 

I 

Very  light  to  heavy 

II,  III 

Light  to  heavy 

IV 

Medium  to  heavy 

V 

Light  to  heavy 

IX 

Very  light  to  medium 

X,  XI 

Medium  to  heavy 

XIII 

None 

I 

Light  to  heavy 

II,  III,  IV 

Medium  to  heavy 

V 

Light  to  heavy 

VII 

Medium  to  heavy 

VIII 

Very  light 

IX 

Light  to  mediiom 

X 

Light  to  heavy 

XI 

Medium  to  heavy 

XIII 

Medium 

IX 

None 

Giant  sequoia  (Sequoia  gigantea)  IV 

V 

Redwood  {S,    sempervirens )       XII 

XIII 


None  to  very  light 

Light 

Medium 

Very  light  to  medium 


1/  Reported  by  technicians  of  the  California  Division  of  Forestry,  the 
California  Region  of  the  U.  S.  Forest  Service,  and  the  Southern  California 

Edison  Company. 
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SEED  COLLECTION  ZONES,  CALIFORNIA 

^WiWi^  Northern  East  Side  Sierra 

^iillll]  Northern  West  Side  Sierra,  High  Site 

3EIIIIIIIIII  Northern  West  Side  Sierra,  Low   Site 

lS.Y////\  Southern  West  Side  Sierro,  High  Site 

J[^Pv""-v;-:^  Southern  West  Side  Sierra,  Low  Site 

21  |ii::ii|:::ii|  Southern  East  Side  Sierra 

^□I^^H  Northern  Suboipine 

3Zni|||||||||  Southern  Subalpine 

IX  I:;!:-;::;;-!!  Southern  California 

3:  V///////k  North  Coast  Pine 

3I|  ^  Coast  Range  Douglas-fir 

ISI llllllllllllllllll  Northern  Redwood 

^DUf^lSSl  Southern  Redwood 
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RMGE  SPECIES  RECOMMENDED  FOR  SOWING  ON  CLEARED  BRUSHLAND  IN  CALIFORNIA^/ 


J.  R.  Bentley,  Range  Conservationist,  California  Forest  and  Range 
Experiment  Station,  Forest  Service,  U.S.  Department  of  Agriculture; 
Lester  J.  Berry,  Agriculturalist,  Agricultural  Extension  Service, 
University  of  California;  Donald  R.  Cornelius,  Range  Conservationist, 
Agricultural  Research  Service,  U.S.  Department  of  Agriculture;  and 
R.  Merton  Love,  Professor  of  Agronomy,  Department  of  Agronomy, 
University  of  California. 


The  choice  of  forage  plant  mixtures  to  sow  on  an  area  cleared  of 
brush  is  limited  by  seedbed  and  site  conditions.  Where  a  variety  of 
species  can  be  successfully  established,  the  choice  may  depend  on  the 
kind  of  cover  that  is  desired.  Mixtures  adapted  to  different  conditions 
and  objectives  are  of  two  general  kinds:   Those  dominated  by  annual 
grasses  and  those  dominated  by  long-lived  perennial  grasses. 


1/  Species  are  recommended  for  the  chaparral  and  woodland  types  in 
the  brushland  zone  below  the  commercial  timber  belt.  Excluded  are  the 
sagebrush  and  associated  types  east  of  the  Sierra-Cascade  and  the  desert 
shrub  types . 

The  recommendations  express  the  joint  conclusions  of  the  four 
authors  representing  their  respective  departments  or  agencies  in  the 
University  of  California  and  the  United  States  Department  of  Agriculture. 
The  authors  are  indebted  to  other  members  of  the  Extension  Service  and 
Forest  Service  for  field  tefets  of  species  performance  and  for  review  of 
the  recommendations  and  suggestions  on  preparation  of  this  paper.  The 
recommendations  are  based  on  observations  of  reseeding  results  extending 
over  a  period  of  nearly  20  years.  The  recommended  basic  mixtures  are 
intended  for  use  statewide  within  the  brush  zone,  but  alternate  species 
are  suggested  for  use  at  the  discretion  of  men  with  local  experience  in 
reseeding. 


The   Colifornio  Forest  and    Range  Experiment  Station  is   maintained  at   Berkeley  in  cooperation  with  the  University  of  CalifornK 


Mixtures  Dominated  "by  Annuals 

Annual  grasses  are  recommended  for  areas  where  good  stands 
of  perennials  cannot  be  established  because  of  poor  sites  or 
unsuitable  seedbeds .   Annuals  are  the  better  choice  on  most  rocky 
soils  about  1  foot  deep  and  on  some  deeper  soils  that  are  coarse 
textured  and  excessively  drained.  Annuals  usually  are  recommended 
for  an  area  if  only  small  spots  have  a  weed-free  seedbed  suitable 
for  perennials.   Annuals  also  can  be  used  on  burned  watersheds 
where  the  major  objective  is  a  full  cover  the  first  2  years  after 
sowing  and  range  improvement  is  secondary.   On  cleared  ranges  or 
watersheds  recommended  for  annuals,  however,  perennials  can  well 
be  sown  on  selected  areas  of  suitable  site  and  seedbed. 

Annuals  should  be  sown  at  a  rate  sufficient  to  obtain  a 
continuous  cover  the  first  year.   A  full  initial  stand  will  take 
advantage  of  any  temporary  Increase  in  soil  fertility  resulting 
from  brush  removal.   Sowing  of  annuals  is  not  worthwhile  iinless 
they  provide  a  quick  cover  and  good  grazing  before  a  stand  of 
resident  annuals  becomes  established  naturally. 

Basic  Annual  Mixture 

A  basic  mixture  widely  adapted  for  broadcast  sowing  in  the 
brushland  zone  is: 

Species:  Pounds  per  acre 

Soft  chess  5 

Annual  legumes  5 

10 

Soft  chess,  a  desirable  grass  widely  naturalized  in  the 
foothills,  has  consistently  produced  good  stands  from  broadcast 
sowing.   It  grows  well  under  good  conditions  and,  perhaps  more 
Important,  is  the  only  commercial  species  adapted  to  hard  seedbeds 
and  low  soil  fertility.   A  distinct  advantage  of  soft  chess  for 
range  improvement  is  that  it  provides  only  limited  competition 
with  other  sown  species  and  persists  in  the  grass  cover. 

Soft  chess  is  commercially  available  as  Blando  brome. 
Seed  supplies  are  limited  and  the  price  is  relatively  high. 
For  these  reasons  part  or  most  of  the  soft  chess  in  the  basic 
mixture  may  have  to  be  replaced  by  other  annual  grasses. 
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Annual  legumes  should  make  up  about  half  of  an  annual-plant 
mixture  wherever  improvement  of  grazing  values  is  desired.  Rose 
clover,  subterranean  clover,  crimson  clover,  and  burclover  should 
be  included.   Conditions  favorable  for  each  species  usually  occur 
somewhere  within  an  area  to  be  sown,  and  a  mixture  of  species  gives 
more  consistent  production  under  variable  weather  conditions. 

The  grass  seed  should  have  a  recommended  fungicidal 
treatment  and  the  legume  should  be  inoculated  at  a  heavy  rate . 

Alternate  Species 

When  soft  chess  is  not  available  or  is  too  costly,  annual 
ryegrass  can  replace  most  of  the  soft  chess  in  the  mixture  on  many 
areas .   Good  mellow  seedbeds  are  needed  for  broadcast  sowing  of 
ryegrass.  The  seed  should  be  covered  mechanically  on  hard  seedbeds 
or  where  average  precipitation  is  less  than  about  20  inches.  Soil 
fertility  should  be  at  least  fair.  Good  stands  of  ryegrass  are 
valuable  because  of  their  high  production  for  a  few  years  and 
their  heavy  first-year  competition  with  brush  seedlings.   Ryegrass 
has  two  major  limitations,  however:   Excessive  competition  with 
other  sown  forage  species  and  limited  persistence  in  the  grass 
cover.  Typically,  ryegrass  is  dominant  for  only  2  to  4  years  and 
often  is  replaced  by  inferior  species.  On  some  fertile  soils, 
particularly  in  the  coastal  region,  ryegrass  will  become  naturalized 
and  persist  indefinitely.  On  such  sites  it  is  a  first-choice  annual 
grass  0 

Seed  of  annual  ryegrass  is  available  in  quantity  at  a  low 
price.  Sowing  at  5  pounds  per  acre  is  recommended  for  a  uniform 
stand.   Higher  rates  are  not  necessary.   Two  to  3  pounds  will 
produce  good  stands  in  favorable  years .   Soft  chess  always  should 
be  added  at  one-half  to  2  pounds  per  acre  with  the  ryegrass.   Then 
soft  chess  will  become  established  before  ryegrass  disappears  from 
the  cover. 

A  few  short-lived  perennial  grasses  may  be  included,  but  the 
mixture  will  remain  essentially  annual  in  nature.   Perennial  ryegrass 
is  interchangeable  with  annual  ryegrass  on  fertile  soils  where 
precipitation  is  greater  than  about  25  inches  per  year.   Where 
mountain  brome,  Harlan  brome,  or  prairie  brome  have  shown  exceptional 
promise  they  can  be  added  to  the  basic  mixture  at  about  2  pounds  per 
acre.   If  ryegrass  is  the  dominant  annual  in  a  mixture  with  perennial 
bromes,  it  should  be  reduced  to  2  pounds  per  acre. 
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Soft  chess  sown  on  area  of  chamise-chaparral  burned  for 

game  range  inrprovement .  This  is  best  adapted  species  for 
broadcast  sowing  on  shallow  rocky  soils  with  hard  seedbed 
surface.  Mendocino  National  Forest,  Lake  Coianty,  1953 • 


Seedbed  favorable  for  sowing  perennials  on  selected  area  of 
productive  soil  with  moderate  gradient.   Wildfire  burn  in 
mature  mixed-chaparral  has  left  mellow  soil  surface  with 
few  viable  weed  seeds.   Santa  Barbara  County,  1955* 
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Excellent  stand  of  Hardlnggrass  on  productive  land  where 
brush  was  removed  by  burning.   This  palatable  perennial, 
which  will  persist  indefinitely  if  properly  grazed,  is 
the  basic  species  for  most  perennial  mixtiires.  Rescue 
Range,  El  Dorado  Coixnty,  1955 • 
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Perennial  grass  cover  on  selected  site  on  chamise -chaparral 
watershed  burned  by  wildfire.   Tall  fescue  and  intermediate 
wheatgrass  replace  part  of  Hardlnggrass  in  the  basic  mixture, 
Brush  sprouts  and  seedlings  killed  by  chemical  spraying. 
Mendocino  National  Forest,  Glenn  County,  1955- 


-5- 


1 


Veldtgrass,  a  vigorous  reseeding  perennial,  can  be  added  to 
the  annual  grass  mixture  at  2  pounds  per  acre  in  coastal  areas,  or 
inland  in  southern  California,  on  light -textured  soils. 

Sowing  of  wild  oat  is  a  questionable  practice  that  adds  to  the 
difficulty  and  cost  of  sowing  and  appears  to  give  limited  return. 

Cereal  grains,  particularly  rye,  often  will  provide  good 
temporary  cover  when  sown  on  good  seedbeds  at  40-50  pounds  per  acre. 
These  rates  are  too  high  for  economical  application  by  aircraft. 
Soft  chess  or  ryegrass  can  be  used  more  economically  and  will  give 
better  success  on  most  seedbeds. 

Mixtures  Dominated  by  Perennials 

Perennial  grasses  can  be  used  to  improve  forage  values  of  the 
herbaceous  cover  over  much  of  the  brush  zone--but  only  if  grazing  is 
managed  to  promote  their  establishment  and  continued  production.   If 
the  decision  is  to  sow  perennials,  provision  for  the  necessary  grazing 
control  should  be  planned  before  the  area  is  sown.  Perennials  may  be 
sown  on  relatively  small  areas  that  can  be  fenced  out  as  separate 
units.  Or  the  entire  range  may  be  managed  so  that  perennials  can  be 
grown  wherever  soil  conditions  are  favorable.  Perennials  should  not 
be  grazed  yearlong,  and  a  rest  period  during  seed  production  is  needed 
at  least  once  in  3  years . 

Perennial  grasses  are  recommended  for  sowing  where  adapted 
because  they  are  superior  to  annuals .  They  are  deeper  rooted  and 
have  a  more  stable  production  of  usable  herbage  over  a  longer  period 
of  the  year.  The  extent  to  which  the  increased  costs  and  greater 
care  necessary  to  establish  and  maintain  perennials  may  be  economically 
justified  has  not  been  determined  for  many  conditions  on  livestock, 
game,  or  dual-use  ranges.  However,  worthwhile  improvement  of  the 
cover  for  grazing  or  soil  protection  is  obvious  on  many  areas  where 
perennials  have  been  successfully  established. 


A 


A  successful  burn  in  dense  bruslf 'twill  provicLe  the  relatively 
weed- free  seedbed  required  for  a  full-sitand  of  perennials.   Areas 
cleared  by  bulldozing  or  disking  are  sufficiently  weed-free  if  few 
annuals  were  present  before  clearing,  or  if  annuals  were  reduced  by 
thorough  cultivation  in  the  spring  before  they  produced  seed.   A 
burn  in  open  or  semidense  stands  of  brush  usually  is  poor  for  sowing 
of  perennials  \inless  the  competing  plants  have  been  reduced  by 
cultivation,  or  sowing  is  confined  to  the  small  spots  of  clean 
seedbed. 
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Perennial  grasses  can  be  successfully  grown  Inlaud  where 
precipitation  averages  about  25  inches  or  more  and  soils  about  2 
feet  deep  or  deeper,  except  on  coarse-textured  soils  that  are 
excessively  drained.   If  precipitation  averages  less  than  25 
inches,  the  soil  should  be  deeper  than  2  feet.   Texture  should  be 
loam  to  clay  loam  or  the  subsoil  should  be  heavy  clay. 

Perennials  will  succeed  in  coastal  areas  under  precipitation 
considerably  less  than  that  required  inland. 

Where  mixtures  dominated  by  perennials  are  to  be  sown,  the 
objective  should  be  to  obtain  a  full  stand  of  the  long-lived  species 
during  the  first  year,  when  competition  is  at  a  minimum.  Therefore, 
heavy  seeding  rates  are  recommended. 

Basic  Perennial  Mixture 

A  basic  mixture  recommended  for  broadcast  sowing  in  the 
brushland  zone  is 

Species:  Pounds  per  acre 

Hardinggrass  5 

Smilo  2 

Soft  chess  1/2  -  2 

Legumes  k 

11  1/2  -  13 

If  the  mixture  is  drilled  the  total  rate  per  acre  can  be 
reduced  to  about  50  percent  of  the  broadcast  rate,  but  the  species 
proportions  should  be  the  same.  Drilling  is  recommended  for  best 
establishment  of  perennials  although  good  stands  often  have  been 
obtained  by  broadcast  sowing,  usually  aerial  application,  on 
burned  brushland o 

Hardinggrass  should  be  the  major  species  in  perennial  grass 
mixtures  over  most  of  the  brushland  zone.  Where  adapted  it  is  the 
most  productive,  under  grazing  and  rebuming,  of  the  long-lived 
species  that  are  commercially  available. 
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Above  elevations  of  about  3,000  feet  at  the  north  end  of  the 
brushland  zone  and  above  5,000  feet  at  the  south,  winters  are  too 
cold  and  long  for  best  production  of  Hardinggrass .  Here,  some  other 
species  can  be  used  as  the  major  one  in  a  perennial  grass  mixture. 

Because  seed  of  Hardinggrass  is  in  short  supply,  other  species 
may  need  to  be  substituted  for  part  of  the  Hardinggrass  on  many  areas, 
but  at  least  3  pounds  of  Hardinggrass  seed  per  acre  should  be  included 
where  it  is  broadcast  sown. 

Smilo  is  another  long-lived  species  recommended  for  the  basic 
mixture  of  soils  where  Hardinggrass  is  adapted,  and  smilo  will  survive 
on  shallower  soils  imderlain  by  highly  fractured  substratum.   Smilo 
is  particularly  suited  for  broadcast  sowing  on  areas  of  burned  chamise- 
chaparral .  The  rate  may  be  increased  to  replace  part  of  the  Hardinggrass 
in  the  basic  mixture  where  precipitation  averages  less  than  20  inches. 
Seed  supplies  are  adequate  and  the  price  is  reasonable. 

Soft  chess  is  recommended  for  the  basic  mixture  to  fill  in  the 
interspaces  between  perennials  during  the  second  and  third  years  after 
sowing c   Sown  at  l/2  to  2  pounds  per  acre,  it  will  produce  an  adequate 
amount  of  well  distributed  seed  but  will  not  compete  excessively  with 
perennial  grass  seedlings o 

The  mixture  should  include  several  annual  legumes  to  increase 
production  and  grazing  values.  Those  recommended  are  rose  clover, 
subterranean  clover,  crimson  clover,  and  burclovero  Alfalfa  may  be 
used  as  one  of  the  legumes  without  danger  of  excessive  competition. 
Ordinarily  it  produces  satisfactory  stands  when  sown  on  deep  soils  of 
neutral  or  slightly  alkaline  reaction  but  adds  little  to  total  herbage 
production.  Alfalfa  stands  often  are  decimated  by  rodents. 

All  grass  seed  should  have  recommended  fimgicidal  treatment 
and  the  legume  seed  should  be  inoculated  at  a  heavy  rate . 

Alternate  Species 

Orchardgrass  and  Tualatin  tall  oatgrass  are  best  adapted  at 
the  north  end  of  the  brushland  zone  and  in  the  North  Coast  Ranges 
where  annual  precipitation  is  greater  than  30  inches.  Here,  either 
species  can  replace  part  of  the  Hardinggrass  in  the  basic  mixture  on 
the  best  sites.   On  other  sites,  adding  about  one-fourth  pound  of 
orchardgrass  per  acre  to  the  basic  mixture  will  provide  many  new 
seedlings  the  second  year  after  sowing.  At  higher  rates  orchardgrass 
competes  excessively  with  Hardinggrass  and  smilo  the  first  year.   At 
elevations  too  high  for  best  growth  of  Hardinggrass  in  northern  and 
central  California,  orchardgrass  or  Tualatin  tall  oatgrass  may  replace 
it  as  the  major  species  in  the  mixture o  Fresh  seed  of  tall  oatgrass 
should  be  used  because  germination  of  this  species  falls  off  rapidly 
as  the  seed  ages . 
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Tall  fescue  or  Intermediate  wheatgrass,  or  both,  may  be 
used  within  the  brushland  zone  in  northern  and  central  California 
where  annual  precipitation  averages  more  than  25  inches,  to  replace 
about  2  pounds  of  Hardinggrass  in  the  basic  mixture.  These  species, 
too,  can  be  used  as  the  major  species  at  elevations  too  high  for 
best  growth  of  Hardinggrass. 

Big  bluegrass  is  widely  adapted  in  northern  and  central 
California o   It  may  be  added  to  the  basic  mixture  or  used  to 
replace  part  of  the  annual  grass  in  the  mixture . 

Veldtgrass  is  best  adapted  in  southern  and  coastal 
California,  where  it  grows  well  on  light-textured  soils.   On  such 
sites  it  is  recommended  to  replace  part  of  the  Hardinggrass  in  the 
basic  mixture . 

Intermediate  wheatgrass  probably  is  more  productive  on 
cleared  brushland  north  of  the  Sacramento  Valley,  but  three  other 
wheatgrasses- -pubescent,  tall,  and  crested--also  are  adapted  in 
this  region.  These  wheatgrasses  are  recommended  for  sowing  on  a 
trial  basis  in  southern  California  at  elevations  too  high  for 
Hardinggrass,  particularly  on  the  desert  side  of  the  mountains. 

Highland  bent,  creeping  red  fescue,  Chewings  fescue,  and 
hard  fescue  are  recommended  for  trial  sowings  at  elevations  too 
high  for  Hardinggrass.  They  should  be  tested  where  a  good  ground 
cover  is  needed  on  soils  with  neutral  to  acid  reaction  in  areas 
of  good  precipitation. 

Birdsfoot  trefoil  is  a  perennial  legume  that  may  be  added 
if  desired.  It  has  about  the  same  soil  requirements  as  alfalfa 
but  has  not  been  so  widely  successful,  Burnet  is  a  non- leguminous 
perennial  that  usually  produces  fair  to  good  stands  on  favorable 
sites  when  sown  at  1  or  2  pounds  per  acre,  and  it  persists  for 
many  years  on  some  areas.   It  usually  adds  little  to  the  forage 
available  to  livestock,  partly  because  of  heavy  deer  grazing  on 
this  species.  Burnet  should  have  more  trial  on  deer  ranges. 

If  annual  or  perennial  ryegrass  is  used  instead  of  soft 
chess,  it  should  not  be  sown  at  a  rate  greater  than  one^half 
pound  per  acre  because  ryegrass  is  extremely  competitive.  One  of 
the  short-lived  perennial  bromes  may  be  added  at  a  low  rate  along 
with  an  annual  grass  in  the  mixture. 
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COMMON  AND  BOTANICAL  NAMES  OF  SPECIES  MENTIONED 


Alfalfa 

Bent,  Highland 

Bluegrass,  big 

Brome,  Blando 

Brome,  Harlan 

Brome,  mountain 

Brome,  prairie 

Bu re lover 

Burnet 

Clover,  crimson 

Clover,  subterranean 

Clover,  rose 

Fescue,  Chewlngs 

Fescue,  creeping  red 

Fescue,  hard 

Fescue,  tall 

Hardinggrass 

Oatgrass,  Tualatin  tall 

Orchardgrass 

Rye 

Ryegrass,  annual 

Ryegrass,  perennial 

Smilo 

Soft  chess 

Trefoil,  birdsfoot 

Veldtgrass 

Wheatgrass,  crested 

Wheatgrass,  intennediate 

Wheatgrass,  pubescent 

Wheatgrass,  tall 

Wild  oat 


Medicago  sativa 

Agrostis  tenuis 

Poa  amp la 

Bromus  mollis 

Bromus  stamineus 

Bromus  marginatus 

Bromus  catharticus 

Medicago  hispida 

Sanguisorba  minor 

Trifolium  incamatum 

Trifolium  subterraneum 

Trifolium  hirtiom 

Festuca  rubra  var.  commutata 

Festuca  rubra 

Festuca  ovina  var.  duriuscula 

Festuca  arundinacea 

Phalaris  tuberosa  var.  stenoptera 

Arrhenatherum  elatius 

Dactylis  glomerata 

Secale  cereale 

Lolium  multiflornom 

Lolium  perenne 

Oryzopsis  miliacea 

Bromus  mollis 

Lotus  comiculatus 

Ehrharta  calycina 

Agropyron  desertorum 

Agropyron  intermedium 

Agropyron  trichophorum 

Agropyron  elongatum 

Avena  fatua 
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Ponderosa  and  Jeffrey  pine  shed  their  limbs  very  slowly.  Con- 
sequently they  must  be  pruned  if  clear  lumber  or  veneer  is  desired  in 
second-growth  timber  that  is  grown  in  rotations  of  l40  years  or  less. 
The  pruning  ought  to  be  done  at  an  early  age  to  produce  as  much  clear 
wood  as  possible.  Furthermore,  in  open  stands  the  lower  limbs  of  these 
pines  grow  rapidly  in  diameter.  If  delayed,  pruning  may  become  too 
costly  because  of  the  large  branches  resulting  from  rapid  growth. 

Pruning  also  ought  to  extend  as  high  as  possible  to  increase  the 
yield  of  clear  wood.   An  important  question,  then,  is:   how  much  of  the 
live  crown  can  be  removed  without  seriously  reducing  the  tree's  growth 
rate?  Studies  in  other  regions  have  indicated  that  removing  one-fourth 
has  little  effect  on  growth  rate,  and  pnining  half  the  crown  often  does 
not  have  a  serious  effect.  Experimental  pruning  in  California  has  shown 
that  half  the  live  crown  can  safely  be  removed  if  four -tenths  of  the 
tree  height  remains  in  green  crown  after  pruning. 

The  Study 

The  study  was  started  at  Blacks  Mountain  Experimental  Forest  in 
19^7'   Twenty-five  groups  of  four  ponderosa  or  Jeffrey  pine  crop  trees 
were  selected  in  an  open-grown  stand.  Treatments  consisted  of  no  prun- 
ing and  removal  of  one-fourth,  one-half,  and  three-fourths  of  the  green 
crowns,  assigned  at  random  to  the  four  crop  trees  in  each  group.   The 
diameters  of  the  trees  were  recorded  when  the  study  was  started  and  2 
years  and  5  years  later.  The  100  trees  selected  for  the  experiment 
ranged  from  2.8  to  8.8  inches  in  diameter  and  averaged  5-^  inches. 
Study  trees  were  selected  at  the  rate  of  about  20  per  acre  in  stands 
with  densities  of  ^i-O  to  50  per  acre.   The  average  site  index  at  Blacks 
Mountain  is  72.  i/ 


1/  Meyer,  Walter  H. 
U.  S.  Dept.  Agr.  Tech.  Bui. 


Yield  of  even-aged  stands  of  ponderosa  pine. 
630.  59  pp.,  illus.  1938. 
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Results 

For  the  first  5  years  after  pruning,  removal  of  one-fourth  of 
the  crown  had  no  effect  on  diameter  growth  (table  l).  Removal  of 
half  the  crown  reduced  the  growth  rates  by  about  23  percent.  Thir- 
teen trees,  or  52  percent,  of  those  with  three-fourths  of  the  crown 
removed  died.   All  of  the  trees  that  died  had  been  attacked  by  the 
red  turpentine  beetle  (Pendroctonus  valens  Lee).  Five  other  trees 
with  three-fourths  of  the  crown  removed,  two  with  one-fourth  of  the 
crown  removed,  and  one  with  no  pruning  survived  attacks  of  this 
beetle. 


Table  1. — Diameter  growth  after  pruning  ponderosa  and  Jeffrey  pine. 


Blacks  Mountain  F.xperi mental  Forest 

Amount  of 

Annual  growth 

:  Five    : 
years 

live  crown 

First    :   3  to  5   : 

removed       ; 

2  years   :   years 

:  growth 

:  Basis,  trees 

-  -  -  Inches  -  -  - 

Inches 

Niimber 

None 

0.36       0.30 

1.63 

25 

1/1. 

0.35       0.32 

1.68 

25 

1/2 

0.22       0.27 

1.27 

.  25 

1/3/i. 

0.06       0.12 

O.U9 

12 

1/  Only  trees  alive  at  the  end  of  5  years  included. 


Perhaps  the  most  striking  thing  shown  by  this  study  is  the 
rapid  diameter  growth  rate  of  open-grown  young  trees.  All  of  the 
trees  with  none  or  one-fourth  of  the  crown  removed  grew  1.0  inch  or 
more  in  5  years;  90  percent  of  them  grew  I.3  inches  or  more  in  5 
years.  The  maximum  growth  was  2.6  inches  for  5  years.  All  of  the 
trees  with  half  of  the  crown  removed  grew  0.8  inch  or  more  in  5 
years,  and  92  percent  grew  1.0  inch  or  more. 
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Although  growth  was  reduced  by  removing  half  of  the  crovm^  it 
still  was  adequate  for  practical  purposes.  For  one  thing,  annual 
growth  increased  during  the  first  5  years.   If  this  trend  continues, 
the  trees  with  half  their  crowns  removed  can  be  expected  to  be  grow- 
ing as  fast  as  those  with  only  one-fourth  removed  before  the  end  of 
the  second  5-year  period.   Then  too,  higher  pruning  could  mean  that 
an  extra  ^i-f  oot  length  of  bole  can  be  pruned.  Then  the  total  amount 
of  clear  wood  produced  should  be  greater  even  though  the  growth  rate 
is  temporarily  reduced. 

Length  of  live  crown  averaged  0.86  of  the  total  height  of  the 
trees.  Eighty-four  percent  of  the  trees  had  crowns  longer  than  0,80 
of  the  total  height.   On  the  average,  trees  with  one-fourth  of  the 
crown  removed  had  a  remaining  crown  length  of  0.6^1-;  those  with  half 
of  the  crown  removed,  0.43;  and  those  with  three-fourths  of  the 
crown  removed,  0.22  of  the  total  height  of  the  trees. 

Thus  it  would  be  appropriate  to  remove  as  much  as  half  of  the 
green  crown  in  pruning,  provided  that  at  least  four-tenths  of  the 
total  height  of  the  tree  retained  live  crown  after  pruning. 

Supporting  Evidence 

In  another  thinning  study  half  of  the  crop  trees  were  pruned 
and  half  were  not  on  plots  in  moderately  to  fully  stocked  pole 
stands.   The  average  d.b.h.  of  the  crop  trees  was  "J, 6   inches,  and 
their  average  crown  length  was  0.62  of  the  total  tree  height.   Not 
more  than  a  third  of  the  green  crown  was  removed  from  any  tree,  the 
average  being  about  one-fourth. 

The  average  crown  length  after  prioning  was  0.53  of  the  total 
tree  height.   Growth  was  practically  the  same  on  pruned  and  unpruned 
trees,  being  only  0.03  inch  less  per  pruned  tree  for  a  5-year  period. 
Consequently,  by  inference,  removal  of  half  of  the  green  crown  can  be 
recommended  for  all  ponderosa  and  Jeffrey  pine  if  at  least  four-tenths 
of  the  total  height  remains  in  green  crown  after  pruning. 

Application 

As  a  practical  guide  to  pruning,  curves  were  prepared  for 
total  height  of  crop  trees  by  diameter  to  show  the  height  to  which 
trees  of  different  d.b.h.  could  be  pruned  (table  2).  A  pruning 
height  of  0.6  of  total  height  was  assumed.  On  the  average,  open- 
grown  crop  trees  must  be  8  inches  in  diameter  before  10  feet  of  bole 
can  be  cleared  and  lU  inches  in  diameter  before  a  height  of  l8.5 
feet  can  be  pruned.   In  contrast,  closely  grown  U-inch  diameter 
trees  can  be  pruned  to  10  feet  and  9-inch  trees  can  be  pruned  to 
18.5  feet.   Consequently,  in  the  typical  eastside  pine  of  north- 
eastern California  pruning  must  be  done  in  two  or  more  stages  if  the 
knotty  central  core  is  to  be  kept  small. 
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Table  2. — Total  height  and  maximum  pruning  height,  by  d.b.h.  ±' 


1/ 


,h, , 

Crop  trees 

in  open  stands 

:  Crop  trees 

in  closed  stands 

D.b 

Total   : 

Pruning  £/    : 

Total 

:  Pruning  _' 

inc 

hes 

:    height 

height       : 

:    height 

:  height 

Feet 

Feet 

Feet 

Feet 

k 

12.0 

7.2 

16.5 

9.9 

6 

15.5 

9.3 

22.5 

13.5 

8 

19.5 

12.7 

28.5 

17.1 

10 

23.0 

13.8 

3^.5 

20.7 

12 

27.0 

16.2 

1+0.5 

24. 3 

ih 

31.0 

18.6 

46.5 

27.9 

1/  Site  index  70.   See  footnote  1,  p.  1. 

2/  Pruning  height  when  four-tenths  of  total  height  is  left  with 
green  crown.   Pruning  to  height  greater  than  I8.5  feet  is  not 

recommended. 


In  general,  trees  should  be  pruned  when  they  are  as  small  as 
possible  to  permit  the  growth  of  the  widest  possible  ring  of  clear 
wood.   Sometimes,  however,  pruning  of  trees  as  large  as  l4  inches  in 
diameter  can  be  justified.  For  example,  a  fairly  large  knotty  core 
is  less  objectionable  in  a  veneer  bolt  than  in  a  sawlog.  Also,  it 
is  better  to  prune  a  vigorous,  dominant  l4-inch  tree  than  a  slower 
growing  neighbor  of  smaller  diameter.   In  establishing  maximum  size 
of  trees  to  be  pruned,  expected  growth  rate,  necessary  minimum  radius 
of  clear  wood  and  planned  time  of  harvesting  all  must  be  considered. 


^ 
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EFFECT  OF  FERTILIZER  ON  CONE  PRODUCTION  OF  SUGAR  PINE 

By  Gilbert  H.  Schubert,  Forester, 
Division  of  Forest  Management  Research 


Fertilizing  seed  trees  may  be  one  way  to  improve  reforestation  of 
eut-over  and  fire-destroyed  timber  stands  in  California.  One  of  the 
chief  difficulties  in  reforestation  here  is  that  most  of  the  conmtrcial 
conifers  do  not  produce  good  crops  of  seed-bearing  cones  often  enough. 
Heavy  crops  have  been  as  much  as  7  years  apart.  As  a  result  an  adequate 
supply  of  seed  for  natural  regeneration  seldom  occurs  at  the  right  time 
on  eut-over  areas.  If  artificial  regeneration  is  relied  on  for  new 
timber  erepi,  tree  planters  have  to  collect  and  store  large  quantities 
of  seed  during  the  few  good  years  to  tide  them  over  the  many  poor  onti. 
Heavier  erepi  at  shorter  intervals  would  help  solve  a  good  many  of 
these  problems.  That  this  objective  may  be  reached  through  fertiliza- 
tion Is  ihewa  by  a  preliminary  test  the  Experiment  Station  recently 
completed  with  applications  of  ammonium  phosphate  around  sugar  plats. 

The  Study 

la  the  spring  of  1951>  B  pairs  of  dominant  sugar  plnti  ranging 
from  i7  t©  5i  laches  In  diameter  (table  l)  were  selected.  Half  were 
treated  with  100  pounds  of  aamonium  phosphate  ( 16-^0-0 )  per  tree.  The 
ftrtlllgir  was  spread  oa  the  ground  beneath  each  tree  over  an  area 
equivaltat  to  the  erowa  spread.  The  treatments  were  repeated  in  the 
ipriag  ©f  195i  i^nel  1953 • 

The  trtii  selected  for  this  study  were  oa  a  part  ©f  the  Staalilaui 
Ij^trlffltatal  Fertit  which  had  been  logged  in  19^4-8.  All  ittd  trees 
iiltettd  had  beta  released  and  though  all  trees  were  not  rtltaitd  t© 
the  iiffii  digrti,  the  differences  were  considered  to©  imall  t©  bias  this 
§xpl©rat©ry  itudy. 

Results 

Since  sugar  pine  cones  require  2  years  to  mature,  a©  effect  of  the 
fertilizer  was  expected  until  1953.  None  of  the  trees  bore  cones  in 
1951.  In  1952,  k   of  the  fertilized  trees  bore  more  cones  than  their 
unfertilized  counterparts  and  k   had  less  cones.  Of  the  2,073  eones 


The  Coliformo  Forest  and    Ronge  Experiment  Station  is   nnaintained  at   Berlieley  in  cooperation  with  the  University  of  Colifornio, 
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produced  on  the  fertilized  trees^  8^4-8  cones  were  borne  on  one  tree 
(fig.  1,  table  2),   The  average  for  the  7  remaining  fertilized 
trees  was  175  cones,  compared  to  l8l  for  the  8  untreated  trees. 
Thus,  the  fertilized  and  unfertilized  seed  trees  were  similar  in 
cone-producing  capacity. 

During  the  ^-year  period,  1953-6,  when  the  fertilizer  ma,y 
have  had  an  effect  on  cone  production,  the  fertilized  trees  pro- 
duced nearly  three  times  as  many  cones  as  the  unfertilized  trees. 
Seven  of  the  eight  fertilized  trees  bore  more  cones  than  their 
unfertilized  controls. 

Although  the  study  indicated  that  fertilization  with  ammo- 
nium phosphate  will  increase  sugar  pine  cone  production,  further 
study  will  be  required  before  general  recommendations  can  be  made. 


Table  1. --Diameter  and  Dunning  tree  class  of  sugax  pine  seed  trees, 

Stanislaus  Experimental  Forest,  1951 


Treatment  and 
tree  number 


Dunning  tree  class 


Fertilized: 


Inches 


1 
2 

3 

k 

5 
6 

7 

8 


48.5 
30.3 

32.8 
39.2 
UO.2 

52.3 
27.0 


5 

1 
1 
1 
1 
3 
5 
1 


Unfertilized: 


1 
2 
3 

k 

5 
6 

7 

8 


1^8.8 
27.9 
33.4 

38.8 

50.3 
52.0 
26.7 
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Figure  1, — A  48-inch  d.b.h.  sugar  pine  bearing  an  estimated 
848  cones  in  1952  on  the  Stanislaus  Experimental  Forest. 
(Fertilized  tree  No.  l). 
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Table  2, --Cones  produced  on  fertilized  and  unfertilized  sugar  pine 
seed  trees,  Stanislaus  Experimental  Forest,  1931-1936 


Treatment  and 
tree  number 


1951  :  1952 


:  Total 
1953  :  195^  :  1955  :  1956  :  1953-6 


Fertilized: 

Number 

1 

0 

QkQ 

13 

U8 

131 

762 

95^ 

2 

0 

lOU 

10 

89 

2 

6k 

165 

3 

0 

12 

53 

7h 

0 

k 

131 

h 

0 

156 

3 

128 

1 

8 

i4o 

5 

0 

158 

0 

122 

2 

15^ 

278 

6 

0 

398 

17 

ih^ 

26 

52 

2U0 

7 

0 

321 

h 

313 

0 

3^0 

657 

8 

0 

76 

0 

6U 

0 

69 

133 

Total 

0 

2,073 

100 

983 

162 

1.^53 

2,698 

Unfertilized: 

1 

0 

309 

3 

9 

0 

70 

82 

2 

0 

72 

2 

23 

0 

Ik 

39 

3 

0 

152 

3 

3^^ 

0 

Ik 

51 

k 

0 

160 

10 

k6 

0 

165 

221 

5 

0 

185 

3 

182 

1 

73 

259 

6 

0 

9 

26 

2 

0 

5 

33 

7 

0 

273 

3 

26 

0 

161 

190 

8 

0 

106 

k 

15 

0 

10 

29 

Total 

0 

1,266 

5U 

337 

1 

512 

904 
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EARLY  SURVIVAL  AND  GROWTH  OF  SUGAR  PINE  AND  WHITE  FIR 
IN  CLEAR-CUT  OPENINGS 


Gilbert  H.  Schubert,  Forester, 
Division  of  Forest  Management  Research 


The  preponderance  of  white  fir  regeneration  on  sugar  pine  manage- 
ment units  has  always  plagued  forest  managers  in  the  sugar  pine-fir  type 
in  the  Sierra  Nevada  (fig.  l).  Clear  cutting  small  even-aged  groups 
appears  to  offer  at  least  a  partial  solution  to  this  problem.   In  one 
recent  study  more  white  fir  than  sugar  pine  seedlings  in  openings  died 
within  2  years,  and  more  white  firs  were  damaged  by  freezing  and  brows- 
ing.  As  a  result  sugar  pine  has  a  head  start  in  the  race  for  dominance. 

The  Study 

The  study  area  is  part  of  the  pilot -plant  test  of  unit  area  con- 
trol in  sugar  pine  management  on  the  Stanislaus  Experimental  Forest. 
During  the  summer  of  19^8  several  overmature  groups  of  mixed  sugar  pines 
and  white  firs  were  clear  cut.  Brush  and  the  small  white  firs  present 
on  the  areas  were  eradicated  by  a  bulldozer  while  it  piled  slash.   The 
clear-cut  areas  and  surrounding  buffer  strips  were  treated  with  a  lethal 
bait  to  reduce  the  rodent  populcttion.   Seedtraps  and  permanent  milacre 
quadrats  were  used  to  determine  seed  effectiveness.   The  seedtraps, 
evenly  spaced  at  1-chain  intervals,  were  placed  throughout  the  clear- 
cut  areas.   The  permanent  quadrats  were  in  lines  across  the  openings. 

Results 

During  the  autumn  the  regeneration  areas  received  an  abundant 
natural  fall  of  sugar  pine  and  fir  seeds.  An  average  of  29,000  sugar 
pine  and  l60,000  white  fir  seeds  per  acre  was  distributed  throughout 
the  clear-cut  blocks. 


The  Californio  Forest  end    Range  Experiment  Station  is   nnaintained  ot  Berkeley  in  cooperotion  with  the  University  of  California 


Figure  1. — White  fir  understory  in  the 

sugar  pine-fir  type  in  the  Sierra  Nevada. 
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At  the  time  of  the  first  reproduction  siorvey  in  June  19^+9, 
the  areas  averaged  733  sugar  pine  and  l4,298  white  fir  ceedlings 
per  acre.   By  fall  of  the  same  year  the  per  acre  stocking  was 
reduced  to  509  sugar  pines  and  7,235  white  firs.   At  the  end  of 
the  second  growing  season,  there  were  i^Ol  sugar  pines  and  3,798 
white  firs  per  acre.   The  total  mortality  for  the  2-year  period 
was  ^5  percent  for  sugar  pine  and  73  percent  for  white  fir. 

Although  most  of  the  new  seedlings  were  sugar  pines  and 
white  firs,  some  ponderosa  and  Jeffrey  pine  seedlings  came  in. 
Including  these  scattered  trees,  the  original  stocking  of  all  pines 
was  803  and  the  final  stocking  at  the  end  of  2  years  was  ij-58  per 
acre.  Although  the  proportion  of  the  pines  in  the  new  stand  has 
only  increased  from  5  percent  to  11  percent  of  the  total  stocking, 
the  pines  are  by  far  the  tallest  trees  (figs.  2  and  3). 

White  firs  made  the  least  height  growth  in  the  8  years  from 
I9U9  to  1956,  and  Jeffrey  pines  made  the  most.   Sugar  pines  were 
intermediate  between  white  firs  and  Jeffrey  pines,  as  shown  in  the 
following  tabulation; 

Average 


Species 

Range  in  height 
(Feet) 

height 
(Feet) 

Basis 
(Numbe; 

Sugar  pine 

0.7  -  6.1 

2.9 

100 

Jeffrey  pine 

1.8  -  8.2 

h.3 

ko 

White  fir 

0.2  -  2.3 

0.6 

100 

Young  sugar  pines  normally  grow  faster  than  white  firs  of 
the  same  age,  but  the  large  difference  in  average  height  is  not  due 
entirely  to  inherent  growth  characteristics.   Late  spring  freezes 
during  5  of  the  8  years  damaged  white  firs  more  than  the  sugar 
pines.   In  June  195^,  ^^^hen  the  temperature  dropped  below  20°  F., 
most  of  the  new  growth  on  the  terminals  and  laterals  of  the  white 
firs  was  completely  destroyed.   The  only  white  firs  which  sustained 
little  or  no  damage  were  those  sheltered  by  brush  or  pines.   Although 
there  were  too  few  red  firs  in  the  clear-cut  openings  for  conclusive 
comparisons  of  frost  resistance,  red  fir  appeared  to  be  intermediate 
between  white  fir  and  sugar  pine  (fig.  3).  None  of  the  ponderosa 
or  Jeffrey  pines  were  injured  by  any  of  the  late  spring  freezes. 

Browsing  damage  by  deer  was  also  observed  throughout  the 
regeneration  areas.  As  with  freezing  injury,  white  firs  were  hit 
hardest,  whereas  the  pines  were  seldom  molested. 


*-- - -..^.-'S^*.  'i^-"A 


Figure  2. — Seven-year-old  sugar  pine  and  white  fir  seedlings, 
Stanislaus  Experimental  Forest,  August  1955 •  The  small 
plant  in  the  center  foreground  is  a  white  fir.   It  is 
flanked  on  each  side  by  a  much  taller  sugar  pine. 
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Figure  3» — In  "the  center  is  a  7-year-old  Jeffrey  pine  almost 
7  feet  high  and  in  the  right  foreground  is  a  7-year-old 
red  fir,  Stanislaus  Experimental  Forest,  August  1955 • 
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Conclusions 

Differences  in  mortality  and  growth  rates  between  white  fir 
and  sugar  pine  in  clear-cut  openings  are  of  practical  silvicultural 
value.   In  the  management  of  white  fir,,  clear-cut  openings  should 
be  avoided  where  late  spring  freezes  and  heavy  deer  browsing  are 
expected.   This  is  especially  true  where  white  fir  Christmas  trees 
are  to  be  grown;  the  damage  increases  the  time  required  to  pro- 
duce a  tree  of  suitable  size  and  quality.   White  firs^  either  for 
Christmas  trees  or  sawtimber,  should  be  started  under  partial  shade 
of  an  overstory.  After  the  trees  are  well  established  and  the 
susceptibility  to  injury  is  reduced,  the  overstory  may  be  removed. 

In  the  management  of  sugar  pine,  clear-cut  openings  are 
recommended  for  the  sugar  pine-fir  type.  The  higher  survival  of 
sugar  pine  seedlings  increased  the  proportion  of  potential  sugar 
pine  crop  trees  in  the  new  stands.   The  retarding  effect  of  freez- 
ing and  browsing  on  white  fir  height  growth  favored  sugar  pine  and 
helped  the  pine  to  express  early  dominance. 
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CALIFORNIA  FIRE  WEATHER  SEVERITY  IN  1956 

Clive  M.    Countryman,    Forester 
Division  of  Forest  Fire  Research 


The  Fire  Record 

An  unusually  fine  fire  record  had  been  hung  up  by  the  national 
forests   in  northern  and  central  California  by  the  middle  of  October   1956. 
Man-caused  fires  were  well  below  average  in  number,    and  the  area 
they  had  burned  was  remarkably  small  (fig.    1).      The  record  put  together 
by  the  southern  California  forests  was  only  a  little  less  outstanding  at 
this  time:    area  burned  was  less  than  half  the  previous   5-year  average, 
and  man-caused  fires  were  fewer  than  usual.     But  in  November,    a 
series  of  fires   nearly  trebled  southern  California's  burned  acreage. 

What  role  did  fire  weather  play  in  making  the  good  fire  records 
possible  in  northern  California?     Can  differences   in  fire  weather 
explain  the   less  favorable  record  in  southern  California?     What  set 
up  the  conditions   resulting  in  the  Noveniber  fires  there?     Fire 
weather   severity  indices   computed  by  California  national  forests   can 
help  answer  these  questions. 

The  Fire  Weather  Severity  Index--What  is   it? 

As  burning   conditions  become  more  severe,    the  fire-control  organ- 
ization is  faced  not  only  w^ith  larger,    faste,r,-spreading  fires,    but  also  with 
the  probability  that  more  fires  will  start.—       The  potential  fire  load  in- 
creases  at  an  ever  faster  rate  as  fire  weather  becomes   worse. 

2/ 
The  California  fire  danger    rating  index—     measures  the  day-to-day 

burning   conditions  and  indicates  how  individual  fires  will  behave.      In  con- 
trast,   the  fire  weather   severity  index  measures  the  potential  fire  load  by 
evaluating  the   effect  of  each  level  of  fire  danger  on  number  and  size  of  fires 
When  compiled  cumulatively  and  compared  with  a  standard  condition,    the 
severity  index  shows  the  relative  severity  of  the  fire  season  at  any  date. 


1/     Countryman,    C.    M.  ,    and  Intorf,    P.  H.     A  fire  season  severity 
index  for  California  national  forests.      Calif.    Forest  h.  Range  Exp.    Sta. 
Misc.    Paper   M,    7  pp.      1953. 


Z/     U.S.    Forest  Service. 
1  1  pp.    plus  appendix. 


1955  Fire  Danger  Rating  Region  5. 
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Figure  1.  --Number  of  man-caused  fires  and  area  burned  in 
California,  1956.     1951-55  average  (January  1-October  15.) 
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A  Regional  Severity  Index 

In  California,    fire  danger  ratings  are  determined  daily  for 
individual  rating  areas   into  which  the  national  forests  have  been 
divided.     Direct  comparison  of  these  numerical  ratings  among  areas 
is  not  possible  under  the  California  system.     Hence  fire  weather 
severity  indices  derived  from  the  ratings  cannot  be  compared 
directly.      To  give  a  uniform  base  for  comparison,    a  severity  index 
was  coniputed  for  each  rating  area  assuming  the  average  fire  danger 
occurred  every  day.      The   ratio  of  the  actual  severity  index  to  the 
assumed  index  was  then  obtained.      These  ratios  express  the  fire 
weather   severity  relative  to  that  normally  experienced  for  the  area-- 
a  measure  that  can  be  compared  directly  between  areas.      The  ratios 
have  been  grouped  into  five  classes  of  fire  weather  severity:     low, 
medium,    high,    very  high  and  extreme. 

For   1956  fire  weather  severity  indices  have  been  computed  for 
the  period  July  1   to  October   15. 

The   1956  Fire  Weather  Severity 

Fire  weather  severity  indices  for  most  rating  areas   in  northern 
and  central  California  fell  into  the  low  or  medium  classes   (fig.    Z). 
The  "easy"  fire  weather  in  these  areas  is  reflected  in  the  relatively 
small  number  of  man-caused  fires  and  the  exceptionally  low  burned 
area  as   compared  with  the  previous  5-year  average. 

In  southern  California  the  fire  weather  was  much  more  severe. 
Most  of  the  danger  rating  areas  fell  into  the  high,    very  high,    or 
extreme  classes.     Both  number  of  man-caused  fires  and  acres  burned 
were  a  substantially  larger  percentage  of  the   1951-55  average  than 
in  northern  and  central  California.      The  largest  fire  up  to  October   15, 
the  McKinley  Mountain  Fire,    San  Bernardino  National  Forest,    made  up 
nearly  half  of  the  total  acreage  burned;  it  occurred  in  one  of  the  rating 
areas  having  an  extreme  severity  index. 

Other  Uses  of  the  Index 

Fire  weather  severity  ratings  were  used  as  part  of  the  regional 
fire  danger  rating  for  the  first  time  in  1956.      This  experience  suggests 
that  besides  providing  a  comparison  of  fire  weather  season  by  season, 
they  have  two  other  important  uses:    during  the  fire  season,    the  index 
computed  by  each  rating  area  can  be  used  to.  .  . 

.  .  .detect  a  build-up  of  severe  burning  conditions 

.  .  .  show  how  the  seasonal  trend  differs  from  that  during  other 
years . 

The  record  for  a  northern  and  a  southern  forest  illustrates  the 
evidence  for  this   conclusion. 
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Figure  3.  --Fire  weather  severity.    Area  3  Lassen  National  Forests, 
1955  and  1956. 

Rating  Area  3  on  the  Lassen  National  Forest  is  representative 
of  conditions  in  northern  California.     There  the  cunraulated  severity 
indices  for   1956,    plotted  by  5-day  periods,    are  close  to  a  reference 
line  obtained  when  the  average  fire  danger  is  assumed  to  occur  every 
day.      The  1956  indices  also  have  about  the  same  slope  {fig.    3).     This 
would  indicate  that  the  fire  danger  in  1956  was   seldom  in  the  higher 
classes  and  there  was  little  tendency  for  unusual  drying  conditions  to 
develop. 

In  contrast  the  curve  for   1955  diverged  sharply  upward  from  the 
reference  line  after  July  15.      The  steady  trend  of  this  curve  away  from 
the  reference  line  could  be  caused  only  by  fire  dangers  consistently 
above  average.      The  potential  for  large  fires  would  become  increasingly 
great  as  the  season  progressed  under  this  condition.     Preliminary 
studies  of  1955  conditions   showed  similar  curves  in  other  northern 
California  areas.—      The  more  than  100,  000  acres  burned  in  northern 
California  in  1955  compared  with  less  than  1,  000  in  1956  bears  out 
the  significance  of  seasonal  severity  ratings. 


3/  Countryman,  Clive  M.  Fire  season  severity  in  1955  on  the 
KlamaTh  National  Forest.  For.  Res.  Note  No.  103,  Calif.  Forest  & 
Range  Exp.   Sta.     7  pp.,    illus.      1956. 


-5- 


10       20         I         10       20 

JUNE  JULY 


10       20  I         10      20 

AUG  SEPT 


0      20 

OCT 


I         10      20         I         10       20 

NOV  DEC 


Figure  4.  --Fire  weather  severity  on  Area  1  of  San  Bernardino  Forest. 

Rating  Area  1   on  the  San  Bernardino  National  Forest  is  repre- 
sentative of  conditions  in  most  of  southern  California.     Here  the 
severity  index  for  the  entire  season  up  to  October   15  was  about  the 
same  in  1955  as  in  1956.      Plotted  by  5-day  periods,    however,    the 
cumulative  totals  show  the  two  seasons  to  be  quite  different  (fig.    4). 
The   1955  curve  began  diverging  from  the  reference  line  about  July  10 
but  resumed  a  slope  parallel  to  the  reference  by  September   10.     A 
very  sharp  rate  of  increase  in  the  last  part  of  August  and  first  part 
of  September  accounted  for  most  of  the  high  index  in  1955.      Thus 
the   1955  season  was  relatively  easy  except  for  a  short  period  in 
which  fire  danger  was  unusually  high. 

In  1956,    however,    the  severity  index  curve  began  diverging 
from  the  reference  line  early  in  the  season  and  continued  to  climb 
rapidly  to  a  high  level.      The  extreme  dryness  brought  about  by  the 
continual  high  danger  made  the  potential  fire  load  very  great  over  an 
extended  period  of  time.     We  would  expect,    then,    an  unusually  large 
number  of  fires  and  an  excessive  burned  area  in  southern  California 
national  forests.     Unfortunately  this  potential  fire  load  was  confirmed 
by  the  fire  behavior  and  control  difficulties  experienced  in  the 
McKinley,    East  Highland,    and  Inaja  fires. 
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\  Conclusion 


Originally  designed  only  for  coniparing  severity  of  seasons, 
fire  weather  ratings  have  demonstrated  they  also  have  value  in 
detecting  buildup  of  severe  burning  conditions.     More  experience 
in  their  use  and  interpretation  undoubtedly  will  reveal  other  ap- 
plications in  fire-control  planning. 
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"LIGHT  BURNING"  IN  SOUTHERN  CALIFORNIA  FUELS 


Craig  C.    Chandler,    Forester 
Division  of  Forest  Fire  Research 


Light  burning  has  often  been  suggested  as  one  way  to  prevent 
the  large  and  costly  fires  that  periodically  scourge   southern  California. 
The  idea  behind  "light  burning"   is  to  burn  the   brush  during  the  vc'inter 
or  spring  when  weather  conditions  assure  easy  control  of  the  fire, and 
thus   reduce  the  quantity  of  fuel  so  that  a  conflagration  cannot  build 
up  when  fire  weather  is   severe. 

On  the  face  of  it,    this  idea  looks  good.      Light  burning  has   been 
suggested  and  used  as  a  method  of  hazard  reduction.     Controlled  fire 
has  also  been  used  for  years  in  California  to  clear  brushland  for  con- 
version to  other  types  of  vegetation.     However,    southern  California's 
combination  of  weather,    topography,    and  vegetation  is  unique.      Limit- 
ed studies  of  fuel  distribution  before  and  after  burning  indicate  that 
light  burning  in  southern  California  may  increase  the  fire  hazard 
rather  than  reduce  it. 

The  Studies 

Fuel  studies  were  a  routine  part  of  Operation  Firestop  at  Camp 
Pendleton,    California  in   1954.     Before  and  after  each  test  fire,    samples 
were  taken  of  the  volume,    arranaement,    and  iTioisture  content  of  all 
fuels  on  selected  milacre  plots.—'     In  August  and  September,    fuel  was 
measured  on  3  test  fires  burned  when  relative  humidities  were  over 
30  percent  and  winds  were  less  than  10  mi.  p.  h.      These  are  considered 
ideal  weather  conditions  for  light  burning.     All  fires  were  set  with 
drip  torches  and  all  were  set  to  burn  with  the  wind. 


1/     Operation  Firestop.      Fuel  studies  I.      Measurement  of 
fuel  bed~~characteristics  of  grass  and  chaparral  fuels.      I5pp., 
illus.      1955. 


The  Californio  Forest  c.id    Range  Experiment  Stotion  is   molnloined  at   Berkeley  in  cooperotion  with  the  University  of  Colifornia 


Results 

Under  these  conditions  only  sage,    the  lightest  fuel  type,    burned 
completely  (table  1).     Burns  in  chamise  were  spotty.     Scrub  oak,    the 
heaviest  brush  type,    would  not  carry  fire  at  all. 

What  did  these  burns  accomplish  in  the  way  of  hazard  reduction? 
ideally  very  little.     Although  the  sage  burned  clean,    fires  in  such  light 
fuels  are  not  particularly  difficult  to  control.     So  light  burning  of  sage 
only  exposed  the  soil  to  erosion  without  making  much  of  a  dent  in  the 
fire-control  job.      The  spotty  chamise  burns  may  increase  the  hazard 
by  killing  sonne  plants  without  consuming  them.      Even  though  the 
total  volume  of  fuel  is  reduced  in  a  burn  of  this  kind,    the  large 
number  of  dead,    dry  plants  remaining  may  actually  increase  the 
amount  of  flash  fuels.      This  can  result  in  hotter,    faster-s^^reading 
fires  than  were  possible  before  the  light  burn.      Heavy  fuels,    such 
as   scrub  oak,which  are  the  hardest  to  control  during  wild  fires, 
could  not  be  made  to  burn  under  weather  conditions  when  safe  con- 
trol could  be  assured. 

Conclusion 

These  results  do  not  preclude  the  use  of  fire  for  such  pur- 
poses as  building  fire  lanes  and  safety  islands,    or  for  clearing  brush 
from  ridge  tops  for  conversion  to  less  flammable  vegetation.     How- 
ever,   land  managers  should  recognize  that  proper  use  of  fire  in 
these  situations  often  requires  extensive  fuel  preparation.      They 
should  compare  the  costs  of  this  type  of  burning  with  those  of  bull- 
dozing,   cutting  and  chipping,    or  other  land -clearing  measures.      The 
results  do  indicate  that  large-scale  light  burning  in  southern  Cali- 
fornia straddles  a  fine  line  between  twin  risks:    burns  which  increase 
the  hazard  rather  than  reducing  it,    and  fires  which  cannot  be 
controlled. 

Results  of  this  limited  work  also  indicate  that  more  intensive 
studies  of  brush  as  a  fuel  should  be  undertaken.      We  need  to  develop 
a  useful  measure  of  brush  flammability  in  order  to  explore  fully 
all  possibilities  for  minimizing  fire  hazard.      There  is  a  critical 
need  for  intensive  fuel  studies   in  southern  California. 

Table  1.  --Dry  weight  of  fuel  before  and  after  burning  in  three  types  of 
vegetation.    Camp  Pendleton,  San  Diego  County,  California,   1954 


Tyt^e 


Date 


Relative 
humidity 


Wind 
velocity 


Fuel 
before 
burning 


Fuel 
after 
burning 


Fuel 
remaining 


Percent  M.  p.  h.      Tons  /acre  Tons  /acre  Percent 


Scrub  oak 

8/12 

65 

8 

40.4 

40.4 

100 

Scrub  oak 

8/12 

65 

8 

46.8 

46.8 

100 

Sage 

9/15 

38 

5 

12.6 

0.7 

6 

Sage 

9/15 

38 

5 

13.8 

1.  3 

9 

Chamise 

9/30 

33 

7 

20.5 

3.8 

19 

Chamise 

9/30 

33 

7 

13.  0 

6.4 
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INSECT- CAUSED  DAMAGE  TO  THE 

1956  DOUGLAS-FIR  CONE  CROP  IN  CALIFORNIA 

Robert  E.  Stevens,  Entomologist, 
Division  of  Forest  Insect  Research 


Insects  caused  very  little  damage  to  northwestern  California's  I956 
Douglas-fir  cone  crop.   This  is  the  main  conclusion  drawn  from  an  analysis 
of  cones  collected  on  the  Klamath  and  Six  Rivers  National  Forests.  Al- 
though the  sample  was  small,  it  suggests  how  much  damage  insects  cause  in 
years  when  the  cone  crop  is  good. 

Two  types  of  insects  cause  most  of  the  damage  to  Douglas -fir  cones 
and  seeds.   These  are  the  cone  moths,  mostly  belonging  to  the  genera 
Barbara,  Dloryctria,  Eupithecia,  and  Laspeyresia,  and  the  seed  chalcids, 
represented  by  bhe  Douglas-fir  seed  chalcid,  Megastigmus  spermotrophus 
Wachtl.   Cone  moth  larvae  mine  indiscriminately  through  the  maturing  cones, 
destroying  axil,  scales,  and  seeds  alike.   Seed  chalcid  larvae,  on  the 
other  hand,  remain  within  individual  seeds  and  feed  on  the  developing  embryo. 

Sampling 

To  get  a  measure  of  the  1956  insect-caused  loss,  cones  were  collected 
in  late  August  from  eight  locations  throughout  the  Douglas-fir  region. 
Trees  of  all  sizes  bore  cones  in  1956,  and  the  collection  showed  no  signif- 
icant difference  between  percentages  of  infested  cones  on  large  and  small 
trees.  At  least  50  cones  were  picked  at  each  location. 

The  cones  were  stored  indoors  until  they  were  examined  in  December. 
The  analysis  was  designed  to  sample  both  cone  moth  damage  and  loss  of  seed 
caused  by  chalcids ,  Moth  damage  was  determined  by  examining  50  cones  from 
each  lot,  the  damage  being  Identified  by  frass,  pitch,  and  holes  in  the 
cone  scales.  Chalcid  work  was  sampled  by  cutting  5OO  seeds  from  each  lot. 
Only  the  seeds  which  appeared  to  be  fully  developed  were  selected  for  this 
test.  Many  seeds  in  the  basal  part  of  a  Douglas-fir  cone  never  fill  up; 
such  seeds  were  not  examined.  The  seeds  were  classified  as  sound,  hollow, 
and  infested,  and  infested  seed  were  identified  by  the  presence  of  chalcid 
larvae . 
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Results 

The  samples  showed  that  an  average  of  16.5  percent  of  the  cones 
were  infested  with  cone  moths,  and  O.U  percent  of  the  seeds  were  destroyed 
by  seed  chalcids  (table  l).   The  percentage  of  the  seed  lost  in  a  moth- 
infested  cone  v^as  not  determined.   Some  midge  larvae  were  found  infesting 
the  cones,  but  they  were  not  nuraerous  enough  to  cause  much  damage.   Of  all 
the  seeds  sauipled,  16.7  percent  were  hollow.  Some  of  these  hollow  seed 
may  have  resulted  from  insect  activity,  but  the  possibility  was  not  in- 
vestigated in  this  study. 


Table  1 . - -Douglas -fir  cones  and  seeds  damaged  by  insects, 
samples  of  50  cones  and  500  seeds  from  each 


location,  northwestern  California,  1956 


Location 


Moth 

infested 

cones 


Chalcid 

infested 

seed 


Hollow 
seed 


-  -  -  Percent  -  - 

No.  Haystack  Burn 

i;0 

0.0 

16 

So.  Haystack  Burn 

16 

0,0 

32 

Oak  Knoll 

20 

0.8 

29 

Scott  River 

k 

0.8 

22 

Seiad  Valley 

8 

1.6 

10 

Redcap  Creek 

6 

0.2 

8 

Bluff  Creek 

3^^ 

0.0 

8 

Willow  Creek 

ii- 

0.0 

9 

AVERAGE 

16.5 

O.k 

16.7 

STANDARD  ERROR 

±U.9 

±0,26 

±k,k 

SAMPLING  ERROR 

30 

65 

26 
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WATEESHED  MANAGEMENT  CONSIDERATIONS  FOR  SANITATION- SALVAGE 

LOGGING  IN  SOUTHERN  CALIFORNIAi/ 

Walt  Hopkins 
Division  of  Watershed  Management  Research 


Southern  California's  pine  forests  contain  a  great  many  old, 
overmature  trees.   The  timber  manager  likes  to  see  these  old  trees 
harvested  to  make  room  for  younger,  faster-growing  ones.  The  forest 
entomologist  wants  them  removed  before  they  create  an  insect  epidemic. 
Still  others  favor  sanitation- salvage  logging  because  dead  and  dying 
trees  are  a  great  fire  hazard  and  an  ugly  sight  and  even  dangerous  to 
the  family  that  goes  to  the  forest  for  recreation. 

What  does  the  watershed  manager  think  about  sanitation- 
salvage  logging  and  watershed  management?  Does  this  kind  of  logging 
affect  our  water  supply?  The  situation  is  something  similar  to  what 
happens  when  your  house  is  on  fire:   The  fireman  chops  a  hole  in  the 
door  to  get  at  the  fire  and  save  the  house.   In  sanitation- salvage, 
we  mak:e  holes  in  the  watershed  cover- -we  disturb  some  of  the  soil--to 
bring  about  other  benefits. 

The  watershed  manager  considers  sanitation- salvage  logging  a 
help  when  it  is  done  properly.   Probably  its  greatest  benefit  is 
indirect.   It  helps  maintain  a  healthy  stand  of  trees  for  watershed 
cover,  and  it  helps  fight  fire--one  of  the  worst  enemies  of  the 
watershed.   Cutting  high  risk  trees  and  snags  reduces  the  fire 
hazard  within  the  stands  and  logging  roads  provide  access  for  fire 
fighters . 

The  logger's  job,  then,  is  to  get  the  trees  out  yet  disturb 
the  soil  and  plant  cover  as  little  as  possible.   Some  good  advice  on 


1/  Presented  at  annual  meeting.  Southern  California  Section 
Society  of  American  Foresters,  San  Bernardino,  December  7,  1956. 


The  ColifornJo  Forest  end   Range  Experiment  Stotion  is  mointained  ot  Berkeley  in  cooperation  with  the  University  of  Colifornia 


how  to  do  the  job  has  been  provided  by  Cosensz/  and  Briegleb^  in 
their  work  in  the  Sierra  , Nevada  and  the  Pacific  Northwest.  McRorey, 
Meadowcroft  and  Kraebeliy  published  a  guide  on  this  subject,  and  the 
timber  management  staffs  on  the  southern  California  national  forests, 
considering  the  varied  interests  at  stake,  have  spelled  out  several 
essentials  basic  to  good  watershed  management. 

All  these  workers  found  that  a  successful  logging  job  hinges 
on  effective  advance  planning.  The  forester  and  the  logger  should 
carefully  work  out  a  logging  plan- -plans  for  roads,  skid  trails,  and 
landings- -before  sanitation- salvage  logging  actually  starts.  Then 
they  can  efficiently  and  easily  coordinate  forestry  and  logging  phases 
of  the  operation;  they  won't  have  to  improvise  and  go  back  and 
adjust  road  and  landing  locations  after  logging  begins.  Another 
thing  about  advance  planning:   It  helps  you  drive  home  to  the  loggers 
the  watershed  values  at  stake.  This  is  of  great  importance.  The 
men  in  the  woods  must  vmderstand  that  their  job  is  to  reduce 
damage  to  the  watershed  as  well  as  to  get  out  the  logs. 

What  does  this  advance  planning  accomplish?  A  more  efficient 
operation  and  less  wear  and  tear  on  the  watershed. 

Aerial  photos,  especially  when  used  in  stereo,  and  a  topog  map 
are  a  big  help  in  selecting  tentative  locations  for  roads,  landings, 
turn-arounds,  and  the  area  to  be  served  by  each  landing.  Then  when 
the  forester  and  logger  scout  the  area,  they  can  mark  the  final 
locations  on  a  map  on  the  groiond. 

Much  stream  siltation  can  be  avoided  by  proper  road  location- 
Roads  placed  back  from  live  or  intermittent  streams  keep  dirt  from 
construction  out  of  the  channel .>  Where  this  is  not  possible — as  at 
stream  crossings — water  level  crossings  (stabilized  dips),  temporary 
bridges,  or  other  drainage  struct-ures  help  prevent  interference  with 
the  flow  of  the  stream. 

In  steep  terrain,  use  of  a  dry  channel  for  a  short  distance 
may  result  in  less  soil  movement  than  grading  a  tractor  road  on  the 
slopes,  but  be  sure  to  re~grade  the  channel  and  clear  it  of  slash 
after  logging  to  permit  full  streamflow  in  the  wet  season.  No  logs 


2/  Cosens,  R.  D.   Reducing  logging  damage,  Calif.  Forest  and 
Range  Expt.  Sta.   Research  Note  82.   10  pp.,  illus.   1952. 

3/  Briegleb,  Philip  A.   Applied  forest  management  in  the 
Douglas- fir  region.  Pacific  Northwest  Forest  and  Range  Expt.  Sta. 
Research  Note  7I0   9  pp.   1950. 

hj     McRorey,  R.  P.,  Meadowcroft,  N.  F.,  and  ICraebel,  C.  J. 
A  guide  to  erosion  reduction  on  national  forest  timber  sale  areas. 
California  Region,  Forest  Service,  U.  S,  Dept.  Agri.   78  PP-^  illus. 
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or  chunks  should  be  left  in  a  gulch  "bottom  in  such  a  position  that 
the  channel  will  he  plugged  or  that  water  will  he  diverted  against 
either  bank;  otherwise,  the  diverted  stream  can  erode  the  toe  of 
the  slope  or  cause  waterfalls  to  gouge  out  the  channel  bottom. 

Keep  the  amount  of  earth  moved  in  road  construction  to  a  mini- 
mum.  Frequently,  the  amount  of  cutting  and  filling  necessary  can  be 
greatly  reduced  by  laying  out  a  slightly  rolling  grade  instead  of  a 
sustained  grade,  without  significantly  reducing  the  traffic-carrying 
capacity  of  the  road.  An  undulating  road  will  also  divert  runoff 
every  now  and  then  and  thus  reduce  erosion  of  ditches  and  roadbeds. 
Care  and  good  timing  in  building  roads  can  prevent  much  soil  from 
moving  into  waterways.   Construction  dioring  dry  periods  not  only 
causes  less  erosion,  but  as  every  logger  knows,  is  cheaper.  During 
periods  of  heavy  runoff,  assign  a  man  with  a  shovel  to  divert  streams 
of  water  that  run  over  the  roadway.   This  will  avoid  a  great  deal  of 
sedimentation  from  road  construction,  and  should  be  continued  after 
the  road  is  in  use--until  the  siorfaces  are  hard  and  safe  and  new 
drainage  patterns  are  well  stabilized. 

Plan  skid- trail  locations  before  logging  with  foior  main  objec- 
tives. First,  make  the  trails  service  the  entire  landing  area  so 
there  will  be  no  call  for  additional  trails  at  the  time  of  logging. 
Second,  keep  the  number  of  trails  to  a  mlnimiom,  with  branch  trails 
joining  the  main  ones  as  soon  as  feasible.   The  less  trail  you 
build,  the  less  erosion  and  the  less  the  logging  job  costs. 
Third,  keep  channel  crossings  to  a  minimum.   For  example,  good 
management  can  call  for  two  landings  located  relatively  close 
together- -one  on  the  north  side  of  the  stream  and  the  other  on  the 
south  side.   Locate  trails  as  far  away  from  the  stream  edge  as 
practicable  in  order  to  minimize  disturbances  on  or  near  stream  banks. 
Fourth,  locate  the  trails  to  avoid  long  or  steep  adverse  grades, 
unnecessary  distances,  and  sharp  turns.   Confine  skidding  to  these 
trails  except  for  the  actual  pick-up  of  logs. 

Locate  landings  in  natural,  level  openings  and  on  firm  dry 
ground  whenever  possible.   In  moderate  terrain  this  is  easily  attained; 
in  steep  country  careful  designation  of  landing  sites  is  necessary 
to  minimize  watershed  damage.   Often  you  can  make  landings  by 
widening  the  haul  roads  at  some  distance  from  water  courses.   Crib- 
bing built  with  cull  or  unmerchantable  logs  and  chunks  on  the  downhill 
side  will  support  a  landing  fill  and  thus  minimize  excavation. 

Fell  the  trees  away  from  drainage  channels  to  keep  the  slash 
out  of  waterways.   Limb  the  logs  before  yarding.  Be  sure   the  loggers 
know  the  location  of  the  skid  trails.   Then,  they  can  place  the  trees 
so  that  yarding  crews  can  roll  and  skid  the  logs  with  a  minlm\im 
amount  of  soil  disturbance. 

Slash  disposal  is  often  considered  solely  as  a  method  of  reduc- 
ing fire  hazard.   Don't  overlook  the  opportunity,  however,  for  using 
slash  from  tops  and  other  debris  to  minimize  or  prevent  erosion 
damage.   Slash  and  litter  properly  placed  In  skid  trails  will  lessen 
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soil  movement  and  divert  excess  water  out  of  trails;  improperly  placed, 
it  is  ineffective,  wasteful  of  effort,  and  may  even  increase  erosion. 
Place  the  material  in  good  contact  with  the  soil  and  the  larger  pieces 
at  such  angles  that  they  will  lead  water  out  of  the  skidway  at  frequent 
intervals.  Portable  chipper s,  now  in  use  on  two  of  the  southern 
California  national  forests,  will  chip  slash  and  "blow  a  mulch  into 
old  skid  trails  and  other  "bare  and  \instable  areas.  In  general,  the 
combination  of  good  road  location,  well-placed  waterbreaks,  and  slash 
placement  in  critical  spots,  will  provide  effective  erosion  protec- 
tion. 

Good  road  location  with  an  eye  to  the  future  usually  means 
easier  maintenance.  Primary  roads  built  by  the  logger  and  maintained 
after  logging  make  more  recreation  areas  available  and  serve  as  fire 
access  roads.  Temporary  roads,  tractor  roads,  and  trails  should  be 
"put  to  bed"  at  the  end  of  the  season  so  that  water  will  not  rush 
down  the  ruts.  Blade  off  the  berm,  remove  temporary  fills,  and  install 
water  bars  in  the  roadways  at  intervals  so  that  water  will  be  led  off 
and  spread  over  imdistiirbed  soil  before  it  can  attain  enough  volijme 
and  velocity  to  cause  serious  erosion. 

At  present  most  of  the  southern  California  sanitation- salvage 
logging  areas  are  on  the  less  critical  slopes  and  on  rather  deep, 
fairly  stable  soils.   On  the  steeper,  more  erosible  slopes,  logging 
cannot  be  tolerated  unless  it  can  be  conducted  with  little  or  no 
soil  disturbance.  This  may  become  possible,  however,  through  some 
adaptation  of  a  gravity  cableway  system. 

Now,  to  summarize  the  main  considerations: 

1.  Carefully  plan  roads,  skid  trails,  and  landings 
before  logging  is  started. 

2.  Be  sure  the  loggers  understand  the  watershed 
values  at  stake. 

3.  Locate  roads  and  trails  away  from  stream  channels. 

k.     Keep  earth  moving  to  a  minimiom.  Keep  road  and 
trail  mileage  as  low  as  possible. 

5.  Keep  channel  crossings  to  a  minimum. 

6.  Avoid  long  or  steep  grades . 

7«  And  ai'ter  logging,  put  temporary  roads  and  trails 
"to  bed"  and  place  slash  and  litter  so  that  rvmoff 
velocities  and  soil  movement  are  kept  to  a  minimimi. 
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ETHYLENE  DIBROMIDE  EMULSION  SPRAY  FOR  CONTROL  OF 

THE  MOUNTAIN  PINE  BEETLE  IN  LODGEPOLE  PINE 

By  Robert  E.  Stevens _,  Entomologist^ 
Division  of  Forest  Insect  Research 


A  water  emulsion  spray  of  ethylene  dibromide  has  been  found  effec- 
tive for  control  of  the  mountain  pine  beetle  in  lodgepole  pine.   This       , 
spray  was  developed  for  use  against  the  Engelmann  spruce  beetle  in  Colorado-^ 
and  can  probably  be  used  against  most  bark-beetle  species  in  thin-barked     , 
trees.  For  thick-barked  trees,  an  oil  spray  of  ethylene  dibromide  is  used.—/ 

Spraying  is  the  preferred  control  method  when  fire  danger  is  high, 
and  an  emulsion  is  often  preferable  to  an  oil  spray.   The  main  advantage 
of  the  emulsion  spray  is  that  80  percent  of  its  volume  is  water,  which 
can  usually  be  obtained  in  the  woods  close  to  the  treating  site.   There- 
fore, much  less  material  has  to  be  carried  into  the  woods,  and  transpor- 
tation costs  are  often  materially  reduced.  An  additional  benefit  is  that 
emulsions  are  less  disagreeable  to  work  with  than  oil  sprays. 

The  spray  consists  of  water  and  fuel  oil,  to  which  an  emulsifier 
has  been  added  so  the  two  will  mix,  and  the  insecticide- — liquid  85  percent 
ethylene  dibromide . 

1/  Massey,  C,  L.,  Chisholra,  R.  D. ,  and  Wygant,  N.  D.   1953. 
Chemical  control  of  the  Engelmann  spruce  beetle  in  Colorado.  Econ.  Ent. 
^6(6):951-955. 

2/  Downing,  G.  L,   195^.  Ethylene  dibromide  sprays  for  controlling 
bark  beetles  in  California.  Misc.  Paper  No.  17;,  Calif.  Forest  and  Range 
Expto  Sta.   2  pp. 
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Equipment  and  Materials 

Aside  from  saws,  axes,  peavies,  etc.,  necessary  for  handling  the 
trees,  the  following  equipment  and  materials  are  needed,  in  quantities 
depending  on  the  size  of  the  job: 

1.  Fifty-five  gallon  drums,  for  mixing  emulsifiable  concentrate. 

2.  Five-gallon  cans,  for  transporting  concentrate  and  finished 
spray . 

3.  Gallon  cans  with  handles  and  spouts,  for  measuring  emulsifiers, 
insecticide,  and  concentrate. 

h.      Garden-type  sprinkling  cans,  for  applying  the  spray.  Under 
some  circumstances,  power  spraying  equipment  such  as  a  Bean  slip-on  unit 
may  be  useful.   Care  must  be  taken  to  use  low  pressures,  however,  to 
avoid  bouncing  spray  off  the  logs  and  creating  a  mist,  which  usually 
drifts  away. 

5.  Ethylene  dibromide  (85  percent). 

6.  Eraulsifier  (Triton  X-100  and  Triton  B-I956). 

7.  Diesel  oil. 
Procedure 

Treating  consists  of  three  steps:   Preparing  the  trees,  preparing 

the  spray,  and  spraying. 

Preparing  the  trees. --Fall  and  limb  the  tree,  and  buck  the  infested 
part  of  the  trunk  into  lengths  that  can  be  rolled. 

Preparing  the  spray. --This  involves  two  main  steps — preparing  the 
emulsifiable  concentrate  at  the  base  camp,  and  mixing  it  with  water,  usu- 
ally at  the  treating  area.   The  concentrate  consists  of  ethylene  dibromide, 
fuel  oil,  and  an  emulsifier.  For  the  emulsifier,  mix  3  parts  Triton  X-100 
with  5  parts  Triton  B-I9560   Then  mix  3  parts  of  the  em\ilsifier  with 
5  parts  85  percent  ethylene  dibromide  and  2k-   parts  diesel  oil.   This  is 
the  material  taken  into  the  woods.  At  the  treating  area,  mix  1  part  of 
the  concentrate  with  k   parts  of  water.  Pour  the  concentrate  in  first, 
and  make  sure  the  finished  spray  is  well  mixed. 

Spraying . — Using  a  sprinkling  can,  drench  the  top  of  each  log  until 
the  spray  just  begins  to  run  off.   Let  it  soak  into  the  bark,  then  roll 
the  log  so  that  an  -untreated  area  is  on  top,  and  repeat.   Continue  imtil 
the  entire  bark  surface  has  been  covered--this  usually  requires  2  or  3 
turns  of  the  log.   Do  not  treat  when  the  bark  is  wet.   Be  sure  to  get 
total  coverage--beetles  xinder  untreated  bark  will  not  be  killed. 
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An  average  of  about  8  gallons  of  finished  spray  will  be  needed  to 
treat  a  lodgepole  pine  36  inches  in  diameter  at  breast  height.  At  current 
prices,  the  spray  will  cost  about  $0.27  per  gallon. 

Sources  of  Supply 

Ethylene  dibromide  (85  percent)  can  be  obtained  from  most  agricul- 
tural chemical  suppliers.   Triton  X-100  and  Triton  B-I956  are  available 
from  Rohm  and  Haas  Co.,  6OO  California  Street,  San  Francisco,  Calif. 

CAUTION:   Ethylene  dibromide  and  diesel  oil  are  skin  irritants. 
Any  material  spilled  on  the  skin  or  clothing  should  be  washed  off  immedi- 
ately with  soap  and  water.   The  concentrate  has  the  flammability  of  diesel 
oil  and  the  usual  precautions  should  be  observed  when  handling  it.  Avoid 
breathing  the  fumes  of  ethylene  dibromide. 


Note:   In  order  that  the  information  in  our  publications  may  be 
more  intelligible,  it  is  sometimes  necessary  to  use  trade  names  of  products 
or  equipment  rather  than  complicated  descriptive  or  chemical  identifica- 
tions.  In  so  doing  it  is  unavoidable  in  some  cases  that  similar  products 
which  are  on  the  market  under  other  trade  names  may  not  be  cited.   No  en- 
dorsement of  named  products  is  intended,  nor  is  criticism  implied  of  simi- 
lar products  which  are  not  mentioned. 
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A  RECORD  OF  TANOAK  ACORN  AND  SEEDLING 
PRODUCTION  IN  NORTHWESTERN  CALIFORNIA 

D.  F.  ROY^  Forester, 
Division  of  Forest  Management  Research 


Tanoak  (Lithocarpus  densiflorus  (Hook,  and  Arn. )  Rehd. )  is  an 
aggressive  hardwood  which  attains  maximum  development  in  Humboldt  and 
Mendocino  Counties,  California.  A  common  associate  of  commercial  coni- 
fers, it  assiomes  two  forms  in  virgin  forests.  Tanoaks  may  be  tall  trees 
with  straight  trunks  which  are  clear  of  limbs  for  30  to  80  feet.   Or 
they  may  form  shrubby  undergrowth  which  endures  remarkably  well  in  the 
shade . 

When  the  conifers  are  harvested,  tanoak  shrubs  respond  to  release 
after  logging  and  often  dominate  an  entire  cutover.  And  if  logging  or 
slash  fires  destroy  the  aerial  parts  of  either  trees  or  shrubs,  the  vig- 
orous root  systems  produce  new  fast-growing  sprouts.  ±J 

Are  residual  tanoak  trees  also  able  to  establish  new  trees  by 
seeding-in  cutover  ground?  The  purpose  of  this  study  was  to  find  answers 
to  these  questions. 

The  Study 

The  study  consisted  of  two  parts.  First,  we  collected  acorns  and 
examined  them  to  learn  something  about  seed  abundance  and  quality.  Sec- 
ond, we  counted  and  measured  tanoak  seedlings  to  find  how  many  the  acorn 
crop  produced  and  how  fast  they  grew. 

Eight  tanoaks  growing  on  the  Brush  Mountain  Unit,  Six  Rivers 
National  Forest,  near  Salyer,  California,  were  chosen  for  the  study. 
These  trees  varied  from  I8  to  26  inches  in  diameter.   They  were  growing 
on  soil  more  than  3  feet  deep  which  was  classified  as  Hugo  clayey  loam. 


1/  Roy,  D.  F.   Hardwood  sprout  measurements  in  northwestern 
California.   U.  S.  Forest  Serv,  Calif.  Forest  and  Range  Expt.  Sta. 
Forest  Res.  Note  95,  6  pp.,  illus.   1955. 
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The  ground  sloped  toward  the  east  at  an  average  rate  of  kO 
percent;  and  the  elevation  ranged  between  2,^1-00  and  2,500  feet. 
Logging  of  the  Douglas-fir  stand  in  1952  had  prepared  seedbeds  of 
loose  mineral  soil. 

The  Acorn  Crop 

We  knew  that  tanoaks  produce  abundant  seed  crops.   Trees  are 
heavily  laden  almost  every  other  year,  and  complete  seed  crop  fail- 
ures are  rare.   However,  insects  destroy  many  acorns.  To  estimate 
the  amount  of  sound  tanoak  acorns,  we  collected  samples  from  the 
ground  under  three  trees  chosen  without  prejudice  from  the  eight  tan- 
oaks  selected  for  the  study.   The  acorns  were  gathered  November  l4, 
1953. 

We  sampled  quantity  by  selecting  ten  1-foot  square  areas  at 
random  under  each  tree  and  counting  the  acorns  lying  on  the  ground 
within  these  areas.   Sampling  was  restricted  to  a  circular  area 
l/20th  of  an  acre  in  size  (radius  equal  to  26.3  feet)  because  the 
heavy  acorns  fall  straight  to  the  ground  and  most  remain  under  the 
crown  of  the  tree.   Acorns  were  collected  at  rates  from  78^^08  to 
91^^76  per  acre — an  average  of  8^4-, 2l6  per  acre  (table  l). 

To  get  some  idea  of  the  quality  of  tanoak  acorns,  we  collected 
additional  samples  from  the  ground  under  the  same  trees  where  the 
quantity  of  seedfall  was  sampled.  Examination  of  the  acorns  showed 
that  insects  destroyed  a  significant  amount — 51  percent  of  all  acorns 

collected  (table  2). 

The  acorns  were  stored  about  2  weeks  before  they  could  be  ex- 
amined.  During  this  period  coleopterous  and  lepidopterous  larvae    , 
emerged  from  them.   Several  larvae  were  given  to  the  entomologists  £/ 
who  attempted  to  rear  adults  which  could  be  positively  identified. 
One  adult  beetle,  the  filbert  weevil  (Curculio  uniformis  (Lee.)), 
emerged  in  the  rearing  cages.   Two  moths  matured.  They  were  the 
filbertworm  (Melissopus  latiferreanus  (Wlsm. )),  and  a  grey  moth 
similar  to  Valentinia  glani^ella  (Riley)  which  was  tentatively 
identified  as  Holcocera  sp.   An  adult  ichneumon  fly  (Pimplopterus 
dakriJimae  (Ashm, ) ),  which  is  probably  an  insect  parasite  rather 
than  an  acorn  pest,  also  emerged. 

Tanoak  Seedlings 

To  find  how  effectively  the  tanoak  acorn  crop  produced  seed- 
lings, we  counted  the  seedlings  on  a  l/20th-acre  plot  under  each  of 


2/  Division  of  Forest  Insect  Research,  Calif.  Forest  and 
Range  Expt.  St a. 
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Table  1. --Number  of  acorns  under  tanoak  trees,  Brush  Mountain  Unit, 
Six  Rivers  National  Forest,  near  Salyer,  California,  1953 


Sample  number 


Acorns  found  on  square  foot  samples 


Tree  1 


Tree  h 


Tree  6 


1 
2 
3 

h 

5 
6 

7 
8 

9 

10 


1 
2 
5 
0 

3 

k 
0 
2 
0 
2 


Number 

1 
k 
6 
0 

3 

1 

3 

0 

1 

2 


5 

1 
0 

3 

1 
2 
2 

1 
0 

3 


Total 

19 

21 

18 

Number  per  acre 
under  trees 

82,764 

91,476 

78,  U08 

D.b.h. -inches 

18.3 

22.2 

23.9 

Table  2. --Tanoak  acorns  destroyed  by  insects,  Brush  Mo\antain  Unit, 
Six  Rivers  National  Forest,  near  Salyer,  California,  1953 


Tree  number 


D.b.h. 


Acorns 
collected 


Acorns  destroyed 
by  insects 


1 
k 
6 


Inches 

Number 

Number 

Percent 

18.3 

240 

65 

27 

22.2 

250 

206 

82 

23.9 

347 

153 

44 

All 


837 


424 


51 
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the  5  tanoaks  from  which  the  seed  crop  was  not  sampled  the  preced- 
ing fall.  Since  tanoak  germination  is  hypogeous,  the  small  trees 
were  pulled  from  the  soil  to  make  sure  they  were  really  seedlings 
and  not  root  sprouts.  Heights  from  the  cotyledons  to  the  growing 
tips  also  were  measured.  The  seedlings  were  counted  and  measured 
July  22,  195^. 

The  numbers  of  seedlings  found  on  l/20th-acre  plots  varied 
"between  8  and  1^,  and  averaged  I3,  or  an  average  of  26k  seedlings 
per  acre  (table  3)« 

The  efficiency  of  the  crop  of  sound  acorns  in  producing 
seedlings  was  low.   It  was  calculated  by  dividing  the  average  n\Jin- 
ber  of  seedlings  per  acre  by  the  average  member  of  sound  acorns 

falling  per  acre: 

^^^       =  0.6i^  percent 


84,216  X  ,k9 


Biotic  factors  may  have  contributed  to  the  low  seed  crop 
efficiency.   We  know  several  birds  and  mammals  eat  tanoak  acorns: 
The  California  woodpecker  (Balanosphyra  formicivora  bairdi  (Ridg- 
way)),  band-tailed  pigeon  (Columba  fasciata  fas c lata  Say),  blue- 
fronted  jay  (Cyanocitta  stelleri  frontalis  (Ridgway)),  Pacific 
varied  thrush  (Ixoreus  naevius  naevius  ( Gmelin ) ) ,  Townsend  chip- 
munk (Eutamias  townsendii  Bachman),  dusky-footed  wood  rat  (Neotoma 
fuscipes  fuscipes  Baird),  Douglas  ground  squirrel  (Otospermophilus 
grammurus  douglasii  (Richardson)),  redwood  chickaree  (Sciurus 
douglasii  mollipilosus  (Audubon  &  Bachman)),  California  gray 
squirrel  ( Sciurus  griseus  griseus  Ord.),  American  black  bear 
(Euarctos  americanus  americanus  (Padlas)),  and  Columbian  black- 
tailed  deer  (Odocoileus  hemionus  colijmbianus  (Richardson)).  ^/ 
Lov/  germinative  capacity  also  may  have  been  a  factor.   A  germin- 
ative  capacity  as  low  as  19  percent  has  been  reported  for  tanoak 
acorns.  _/ 

The  height  of  the  tanoak  seedlings,  measured  from  cotyle- 
dons to  growing  tip,  varied  from  I.9  to  8.3  inches,  and  averaged 
5.2  inches.   Since  we  measured  the  trees  on  July  22,  total  first- 
year  growth  might  have  been  more.  Even  the  heights  in  July,  how- 
ever, were  greater  than  first-year  height  growth  of  conifers  on 
the  same  site.   All  tanoak  seedlings  were  vigorous  (fig.  l). 


3/     Letters  from  Lloyd  P.  Tevis,  Jr.,  dated  February  I3, 
1957^  and  Donald  C.  Hagar,  Jr.,  dated  February  26,  1957. 

h/     U.  S.  Forest  Service.   Woody  plant  seed  manual. 
U.  S.  Dept.  Agr.  Misc.  Pub.  65^,  U16  pp.,  illus.   I9U8, 
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Table  3» — Nioiriber  and  heights  of  tanoak  seedlings  from  1953 

acorn  crop,  l/20th-acre  plots.  Brush  Mountain  Unit, 
Six  Rivers  National  Forest,  near  Salyer,  California, 
July  22,  195 i^- 


Tree 
number 


D.b.h. 


Seedlings 


Per  plot   :  Per  acre 


Heights  of  Seedlings 


Range 


Average 


Inches 

-  -  - 

Number 

_  _  _ 

-  -  -  Inches 

-  _  - 

2 

23.5 

12 

2UO 

2.9-8.3 

5.5 

3 

19.5 

11 

220 

2.1—6.8 

k,k 

5 

2U.7 

16 

320 

2.T--7.I 

5.1 

7 

26.1^ 

19 

380 

1.9-7.9 

6.1 

8 

20.3 

8 

160 

2.0—6.6 

k.o 

All 

22.9 

13 

26U 

1.9-8.3 

5.2 

Summary  and  Conclusions 

Tanoak  acorns  were  collected  and  examined  to  learn  about 
amount  and  quality  of  seedfall.  The  number  of  acorns  found  under 
tanoak  trees  from  I8  to  2^4-  inches  in  diameter  at  breast  height 
averaged  8i]-,2l6  per  acre.  Of  these,  51  percent  were  destroyed  by 
insects,  leaving  ^4-1,266  sound  acorns  per  acre. 

The  acorn  crop,  although  only  0.6U  percent  efficient,  estab- 
lished seedlings  at  the  rate  of  264  per  acre.   By  July  of  the  first 
growing  season  heights  of  the  tanoak  seedlings  ranged  from  I.9 
to  8.3  inches,  and  averaged  5.2  inches.  All  tanoak  seedlings  were 

vigorous. 

We  conclude  that  residual  tanoaks  produce  seedlings  capable 
of  controlling  forest  land.  Although  the  1953  acorn  crop  did  not 
produce  seedlings  efficiently,  some  were  established.   Since  tan- 
oaks  consistently  produce  acorn  crops,  we  can  expect  more  seed- 
lings each  year.   Because  young  tanoaks  grow  vigorously,  they 
might  capture  the  ground  under  parent  trees,  especially  if  Douglas- 
fir  seed  crops  fail.   The  amount  of  ground  captured  by  tanoak 
seedlings  will  depend  upon  the  number  of  tanoaks  left  after  logging. 
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CALIFORNIA  CONE  CROP— 1957 

Gilbert  H.  Schubert,  Forester, 
Division  of  Forest  Management  Research 


California  forest  trees  are  expected  to  produce  a  good  cone  crop 
in  only  a  few  localities  this  year.   Generally  the  crop  is  rated  as  none 
or  very  light.   A  mediiim  or  heavy  crop  is  indicated  in  some  seed  zones; 
however,  even  in  these  zones  the  crop  will  vary  greatly  in  different 

parts. 

These  are  the  main  conclusions  from  a  study  of  the  cone-crop 
reports  sent  to  the  California  Forest  and  Range  Experiment  Station  by 
members  of  the  California  Division  of  Forestry,  the  California  Region  of 
the  U.  S.  Forest  Service,  and  the  Southern  California  Edison  Company. 

The  reports  were  generally  based  on  occular  estimates  in  which  the 
crop  was  rated  as  none,  very  light,  light,  medium,  or  heavy,  according  to 
the  cone  crop  classification  used  in  Oregon,  i/  In  this  classification 
the  cone  crop  ratings  are: 

1.  None — no  cones  on  any  trees  or  few  cones  on  occasional 
trees. 

2.  Very  light — few  cones  on  25  percent  of  the  trees,  or 
few  cones  on  25  percent  of  the  trees  and  many  cones 
on  occasional  trees. 

3.  Light — few  cones  on  75  percent  of  the  trees,  or  many 
cones  on  some  trees  and  few  cones  on  75  percent  of 
the  trees. 


k.     Medium— some  cones  on  all  trees,  or  many  cones  on 
less  than  75  percent  of  the  trees. 

5.  Heavy — many  cones  on  75  percent  of  the  trees  and  some 


cones  on  all  trees,  or  many  cones  on  all  trees. 


1/  Engstrom,  W.  H.  Oregon  cone  crop,  195^.   Oregon  State 
Board  of  Forestry.  Res.  Note  I6,  7  PP.^  195^« 

The   Californfo  Forest  and    Ronge   Experiment  Station  is   maintained   ot   Berkeley  in  cooperation  with  the  University  of  California. 


Although  these  ratings  are  subjective,  they  provide  valuable  infor- 
mation for  those  planning  to  collect  seed  this  fall. 

As  an  aid  to  seed  collectors,  the  crop  reports  have  been 
segregated  according  to  the  forest  tree  seed  collection  zones 
described  by  Fowells.  £/  This  grouping  (table  l),  showed  that 
the  most  promising  localities  for  collecting  seed  of  major  com- 
mercial conifers — those  with  medium  to  heavy  cone  crops — were 
as  follows : 

Seed  Zone 

Incense-cedair  III  and  IX 

Douglas -fir  III  and  X 

Red  fir  II,  III,  V,  VII,  VIII,  and  XI 

White  fir  I,  V,  and  VIII 

Jeffrey  pine  I,  V,  IX,  and  X 

Ponderosa  pine  I  and  IX 

Sugar  pine  IV  emd  V 

A  map  of  the  collection  zones  is  appended  to  this  note,  but 
since  the  seed  crop  is  spotty  and  varies  widely  in  most  zones,  it 
is  also  advisable  to  consult  field  offices  of  the  California  Division 
of  Forestry  or  the  U.  S.  Forest  Service  to  determine  best  areas  to 
collect  cones. 


2/  Fowells,  H,  A,  Forest  tree  seed  collection  zones  in 
California,  Calif.  Forest  and  Range  Expt.  Sta,  Res.  Note  51^ 
5  pp.,  illus,  1946. 
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Table  1. — Summary  of  cone  crops  by  species  and  seed  zone, 

California,  1937 


Species 


Seed  collection 
zone  or  county 


Cone  crop  i' 


1/ 


CEDAR: 


Incense-cedar 

(Libocedrus  decurrens ) 


DOUGLAS -FIR: 

Bigcone  Douglas-fir 

(Pseudotsuga  macrocarpa) 

Douglas-fir  (P.  menziesii) 


I,  VIII,  X 

II,  VII 
IV,  V 

III,  IX 


IX 

IV,  VIII,  XII, 
Lake  and  Napa 

I,  II,  XIII 

V,  XI 
III,  X 


None 

None  to  very  light 
None  to  light 
None  to  medium 


Very  light  to  light 


None 

None  to  very  light 
None  to  light 
None  to  medium 


FIR: 


Bristlecone  fir 

(Abies  bracteata) 

California  red  fir 
(a.  magnifica) 


Lowland  white  fir  (A.  grandis) 
White  fir  (A.  concolor) 


XIII 

I,  X 

II,  III,  V,  VII, 
XI 

VIII 

XI,  XII,  XIII 

VII,  IX 

II,  III,  IV, 

X,  XI 
I,  V,  VIII 


Very  light 

None  to  light 

None  to  medium 
None  to  heavy 

None 

None  to  very  light 

None  to  light 
None  to  medium 


PINE: 


Bishop  pine  (Pinus  rauricata) 


Coulter  pine  (P.  coulteri) 


X,  XII 
XIII 

XIII 
IX 


Very  light 
Light  to  medium 

None  to  medium 

Very  light  to  mediiom 
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Species 


Seed  collection 
zone  or  county 


Cone  crop  — 


1/ 


PINE:   (continued) 

Jeffrey  pine  (P.  jeffreyi) 


Knobcone  pine  (P.  attenuate) 


Lodgepole  pine  (P.  contort a) 


Monterey  pine  (P.  radiata) 
Ponderosa  pine  (P.  ponderosa) 


Sugar  pine  (P.  lambertiana) 


XI 

II,  VIII 

III,  IV,  VII, 
XIII 

I,  V,  IX,  X 

IX,  X,  XI,  XIII 
I,  III 

V 
XII 

I,  VI,  VII 
XIII 

XIII 

XI,  XIII,  Lake 

and  Napa 
VIII,  X 

II,  III,  IV,  V 
I,  IX 

VIII,  IX,  XI, XIII, 

Lake,  Napa 
II 

I,  III,  VII,  X 
IV 
V 


None 

None  to  very  light 

None  to  light 
None  to  medium 

Light  to  medium 
Medi\am  to  heavy 

None 

None  to  very  light 

Light  to  medium 

Medium 

Heavy 


None 

None  to  very  light 
None  to  light 
None  to  medium 


None 

None  to  very  light 
None  to  light 
None  to  medium 
None  to  heavy 


Western  white  pine 

(p.  monticola) 

I,  V 

SEQUOIA: 

Giant  sequoia  (Sequoia  gigantea) 

IV 

V 

Redwood  (S.  sempervirens ) 

XII 

XIII 

None  to  medium 


Very  light 

Very  light  to  medium 

Light 

Very  light  to  medium 


1/  Reported  by  technicians  of  the  California  Division  of  Forestry,  the 
California  Region  of  the  U.  S.  Forest  Service,  the  California  Forest  and  Range 
Experiment  Station,  and  the  Southern  California  Edison  Company. 
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SEED  COLLECTION  ZONES,  CALIFORNIA 

Northern  Eosi  Side  Sierra 
Northern   West  Side  Sierra,  High  Site 
Northern  West  Side  Sierro,  Low  Site 
TS.Y////\     Southern  West  Side  Sierro,  High  Site 
Southern  West  Side  Sierra,  Low  Site 
Southern  East  Side  Sierra 
Northern  Subolpine 
Southern  Subalpine 

Southern  California 

T V///////\     North  Coast  Pine 
J|  ^     Coost  Range  Dougias-fir 

211  llllllllllllllllll     Northern  Redwood 


3311^^^     Southern  Redwood 
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